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ABSTRACT

A computer program that utilizes the method of integral

relations has been developed at the Naval Ship Research and

Development Center for use in determining the inviscid transonic

flows past lifting airfoils. It allows for a change of entropy

across the shock wave and accounts for the presence of an oblique

or normal shock at the shock foot. Since many iterations of the

trial and error type are required to obtain the converged flow

solution, the program has been adapted for use on the interactive

graphic systems of the CDC 6700 computer. This minimizes the

man-machine interaction time involved with such iterations. It

has been applied to several airfoil cases with supercritical flow

on the upper surface and subcritical flow on the lower surface and

takes about 5 to 10 min of computer time per case. The theoretical

basis for this program has previously been reported. This report

documents the computer program which is written in the language of

FORTRAN Extended Version 3.0.

ADMINISTRATIVE INFORMATION

This work was sponsored by the Naval Air Systems Command (NAVAIR-320)

and funded under NAVAIR Task R230.201, Work Unit 1-1670-277.

INTRODUCTION

Application of the method of integral relations to solve transonic

flow problems has already been developed and the method used in several

flow solutions.1,2 The present report documents the subroutines used in

1. Tai, T. C., "Application of the Method of Integral Relations to
Transonic Airfoil Problems: Part I - Inviscid Supercritical Flow over
Symmetrical Airfoil at Zero Angle of Attack," NSRDC Report 3424 (Sep 1970);
also presented as Paper 71-98, AIA 9th Aerospace Sciences Meeting,
New York, N.Y. (Jan 1971).

2. Tai, T. C., "Application of the Method of Integral Relations to
Transonic Airfoil Problems: Part II - Inviscid Supercritical Flow About
Lifting Airfoils with Embedded Shock Wave," NSRDC Report 3424 (Jul 1972);
also presented as Paper 73-658, AIAA 6th Fluid and Plasma Dynamics
Conference, Palm Springs, California (Jul 1973).



computing transonic flows and illustrates their use with two examples:

transonic flow past an NACA 0015 airfoil at a = 4.0 deg and transonic

flow past an advanced airfoil at a = 1.5 deg.

The solution procedure consists of ten well-defined steps in accordance

with necessary iteration processes. The completion of each step must

satisfy certain flow conditions before the next step is undertaken.

Actually, there are only three major iteration processes which form the

bulk of the flow integration, and each process can be computed rapidly

and efficiently. The main drawback to this method is that each step

must be computed separately and that the output of one step is needed

before the next step can proceed. This can be a time-consuming process

if done by conventional means.

The use of interactive graphics greatly reduces man-machine interaction

time. The input parameters and program execution can be modified by using

a system of light registers and light buttons displayed on the CDC 274

graphics console screen. In order to simplify the solution process, only

subcritical flow on the lower surface and supercritical flow on the upper

surface will be allowed.

The primary inputs to the program are the airfoil coordinates (a

maximum of 40 data points) and 32 extraneous and physical flow parameters.

During execution of the interactive graphics program, 18 of these flow

parameters may be changed, but ordinarily only one or two are used to

iterate on a particular flow solution to satisfy a particular flow

condition. The remainder of the flow solution parameters may be properly

determined subject to the necessary constraints.

The importance of a well-defined airfoil shape cannot be stressed

too strongly. This highly sensitive technique requires great accuracy in

first and second derivative information from the airfoil surface. The

spline function is one highly recommended method for representing airfoil

surfaces. It can attain very accurate first and second derivatives from

the airfoil surface if certain constraints are chosen judiciously. The

method is explained in detail in Appendix A.
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However, one fact should be borne in mind before attempting to use

this program to solve transonic flows; it is not a "black box" computer

program which generates output for a given set of input data. It requires

special attention during execution to ensure that certain flow requirements

are met. If the calculated flow is unsatisfactory, one of the input

parameters should be changed to yield a satisfactory result. Luckily, it

can be seen from inspection whether the value of a parameter is too large

or too small, and input changes can be made accordingly.

DESCRIPTION OF COMPUTER PROGRAM

Application of the method of integral relations for transonic flow

problems involves three major flow solutions:

1. Upstream solution

2. Airfoil solution

3. Downstream solution

These solutions must be computed sequentially, that is, the upstream

solution must be computed before proceeding to the airfoil solution, and

the airfoil solution must be computed before proceeding to the downstream

solution. These steps are shown in Figure 1. The order of operations

within the airfoil solution is immaterial; either the upper surface flow

or the lower surface flow can be computed first.

The input to the program is only an approximation to the correct

input which would yield a satisfactory solution. During the course of

the solution, the input is modified to satisfy certain flow conditions.

For instance, in the case of supercritical flow in the airfoil solution,

the initial condition parameter CYD is changed until calculations show

that the velocity gradient is continuous through the sonic point. Other

inputs are modified in reply to the questions shown in Figure 1. When

all the flow conditions are met satisfactorily and the solution is complete,

the calculated pressure distribution is the serendipitous result of the

solution process.

3



ORDER OF OPERATIONS

The flow chart of Figure 2 gives a more detailed analysis of the

order of operations of the more important subroutines. A list of these

subroutines and their function is given below.

UPSTRM = performs upstream flow integration

STAGNA = calculates stagnation streamline geometry and cross

velocity gradient for given stagnation point XS

UPRCRIT = calculates Mach number conditions along initial portion

of upper surface

LWRCRIT = calculates Mach number conditions along initial portion

of lower surface

UPRINIT = calculates initial conditions on upper surface for a

selected initial point and CYD

LWRINIT = calculates initial conditions on lower surface for a

given initial point and CYD

SUBCRTI = performs subcritical flow integration on initial portion

of either upper or lower surface

SUBCRT2 = performs subcritical flow integration on either upper or

lower surface

SPRCRTI = performs supercritical flow integration on initial portion

of upper surface

SPRCRT2 = performs supercritical flow integration on upper surface

DWNSTRM = performs downstream flow integration

AKUTTA = provides outputs of calculated upper and lower surface

pressure distributions

Subroutines UPSTRM and STAGNA correspond to the upstream solution,

and subroutines DWNSTRM and AKUTTA correspond to the downstream solution

of Figure 1. The rest of the subroutines correspond to the airfoil

solution. The details of the subroutines are given in Appendix B, and

a flow chart of each subroutine is given in Appendix C.

Eight of the more important decision points are numbered in Figure 2.

The dotted lines indicate the parameter changes needed for satisfactory

results. Each decision point requires some attention, either a
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modification of the input parameters or a decision on which course to

follow in the computation.

An overview of the solution process which consists of various steps

is given in Figure 3. Since the flow solution on the upper surface is

much more interesting than that on the lower surface, only upper surface

flow is discussed here in detail.

The numbered stars around the airfoil correspond to certain subroutines

in Figure 2:

1 UPSTRM
2 STAGNA
3 UPRINIT-SPRCRTl
4 SPRCRT2
5 DWNSTRM
6 AKUTTA

The output for a particular subroutine is on either side of the

corresponding number in the figure. The trial solution to the left

could be improved on; the arrow indicating the parameter changes needed

to improve the solution, and the corrected or acceptable solution to the

right represents a completed step. Once this is completed, the program

begins executing the next step.

The output from the first step shows a plot of Y versus Mach number.

This velocity profile is taken from the final integration station of

subroutine UPSTRM. The number of strips used to integrate the flow

solution in the trial solution proved inadequate, and more strips were

added to yield the corrected solution.

The second step is concerned with the selection of a stagnation

point. The stagnation point for the trial solution was chosen at the

nose of the airfoil; this yielded unrealistic stagnation streamline

geometry for a lifting airfoil. A more satisfactory location of the

stagnation point is given in the corrected solution. The selection of

the stagnation point is most critical to later calculations.

The first major iteration process is given in the third step. In

the trial solution the initial condition parameter CYD, which depends on

assumed velocity profile shape ahead of the airfoil, did not yield velocity
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gradients which were continuous through the sonic point. In the case of

CYD = 1.0, the flow accelerated too rapidly before the sonic point, and

in the case of CYD = 1.010, the flow decelerated before the sonic point.

CYD = 1.005 for the corrected solution, and the velocity gradients were

continuous through the sonic point. This step calculates the flow on the

initial portion on the upper surface. The fourth step calculates the

remainder of the flow.

In the fourth step, the only requirement for a satisfactory solution

is the selection of a shock location which allows the flow calculations

to proceed to the trailing edge. The shock location must be chosen so

that the flow behind it remains subcritical throughout to the trailing

edge. The exact shock location is determined by satisfying the downstream

flow condition as outlined in the fifth step. The two initial guesses

in the trial solution show cases of flow which become supercritical again

after the shock wave. The corrected solution indicates where a case flow

remains subcritical behind the shock location.

The third and fourth steps constitute the airfoil solution on the

upper surface. For the lower surface of the airfoil, a solution is

sought which allows flow integration to proceed to the trailing edge.

Once the airfoil solutions for the upper and lower surfaces have been

obtained, the downstream solution may be calculated.

The fifth step is concerned with flow calculations downstream from

the airfoil. In the trial solutions the pressures diverged from the

free-stream pressures quite rapidly. Thus it was necessary to return to

the fourth step and select a new shock location which would yield down-

stream pressures bracketing the free-stream values. It can be seen in the

corrected solution that the final shock location was between 0.50 and 0.51;

the pressure was slightly greater that free-stream pressure for one value

and slightly less for the other.
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The final step of the solution process is to check the calculated

pressure distributions on the upper and lower surfaces of the airfoil.

If the pressures at the trailing edge do not match on the upper and lower

surfaces, the Kutta condition is not met, and program control should be

transferred to the second step for the selection of a new stagnation

point. If the stagnation point is judiciously chosen, the pressure

distribution in the corrected solution should appear.

ILLUSTRATIVE EXAMPLES

A description of the order of operations of this computer program

is best presented by illustrating its application to a particular airfoil.

NACA 0015 Airfoil

The NACA 0015 airfoil at an angle of attack of 4 deg and a free-stream

Mach number of 0.729 are used here for purposes of illustration.

Experimental results have shown that at these flow conditions, the flow

is supercritical on the upper surface and subcritical on the lower

surface.
3

The five input flow parameters of greatest importance to the solution

process are:

DVOOI (dV /ds)o, the estimated cross velocity gradient at
the stagnation point,

XS, the X-coordinate of the stagnation point,

CYDL, the initial condition parameter for the lower surface
flow,

CYDU, the initial condition parameter for the upper surface
flow, and

SL, the location of the shock foot for the upper surface flow.

Decision point I comes after subroutine STAGNA, the calculation of

stagnation streamline geometry and the cross velocity gradient at the

selected stagnation point. It is important to select a stagnation point

3. Graham, D. J. et al., "A Systematic Investigation of Pressure
Distribution at High Speeds over Five Representative NACA Low-Drag and
Conventional Airfoil Sections," NACA Report 832 (1945).
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for which the streamline geometry appears most reasonable because this

solution is most critical to later calculations. The middle streamline

shown in Figure 4 was chosen, and the calculated cross velocity gradient

for this stagnation point was 4.343. Since this agreed well with the

estimated cross velocity gradient of 4.252, this is considered a valid

or permissible solution for the upstream flow. If this cross velocity

gradient were not correct, another iteration would be needed for the

upstream solution with a new estimate of the cross velocity gradient.

The cross velocity gradient DVOOI determines the perturbation of the

stagnation streamline due to the presence of the airfoil. A greater

perturbation is realized with increasing values of DVOOI.

After decision point 1, there are two possible paths for further

flow calculations. The path to the left corresponds to flow integration

on the lower surface. For this path, J=2 and subroutine LWRCRIT is computed.

The path to the right corresponds to flow on the upper surface. For this

path, J=l and subroutine UPRCRIT is calculated. Decision points 2 and 3

determine whether subcritical or supercritical flow options are to be

taken on the upper or lower surface. A simple test was made for selecting

the supercritical or subcritical options. This information is stored

in ICRIT(J). Thus ICRIT(l) = 1 for supercritical flow on the upper surface

and ICRIT(2) = 2 for subcritical flow on the lower surface. Once a

decision on flow criticality has been made, flow integration may proceed

to the flow solutions on either the upper or lower surface.

From decision point 2, the next step in flow calculation is

subroutine LWRINIT, the initial solution on the lower surface. Depending

on decision point 1, there are two possible paths for further flow

integration. The path for ICRIT(2) = 1 is invalid since in its present

form, the program is not prepared to handle supercritical flow on the

lower surface. For ICRIT(2) = 2, flow integration is further computed

by subroutines SUBCRTI and SUBCRT2 which calculate subcritical flow.

The output of these three subroutines is shown in Figure 5. For a

permissible solution, the calculated Mach number along the airfoil surface

should return to a value fairly close to the free-stream Mach number of

0.729. Decision point 4 consists of determining an appropriate value for
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CYD. Inspection of Figure 5 shows that the value of CYD = 0.8194 is

appropriate. Here the Mach number increased to a maximum at midchord

and decreased to a value of 0.71 at the trailing edge.

An appreciation of the physical significance of the parameter CYD

requires knowledge of the stagnation streamline geometry given in Figure

6. The control volume is the one outlined by points b, d, and f. Points

f and d represent values which were computed in the upstream integration.

The mass flow into the control volume is normal to the line d-f. Since

there is no mass flow through the stagnation streamline or normal to the

airfoil, the mass flow out of the control volume is normal to line b-d.

Hence the mass flow out of the control volume is fixed and is equal to

the area under the curve in Figure 7. The ordinate pV is the mass flux

across the line b-d, and the abscissa n is along the line b-d normal to

the airfoil. Depending on the value of CYD, the product PbVb can take

on several values. Hence the velocity at the initial point on the airfoil

Vb can be varied according to CYD. The initial velocity decreases as CYD

increases.

Once an appropriate solution has been found for the lower surface,

IGO(J) is set equal to 1 and control is transferred to decision point 5.

Both IGO(1) and IGO(2) must equal 1 in order to proceed to DWNSTRM;

otherwise control is transferred to decision point 1 and the other path

is chosen for flow integration.

In the case discussed so far, the lower surface has already been

computed and the upper surface flow remains to be computed. Upper surface

flow has been assumed to be supercritical and control can be transferred

to subroutine UPRINIT. After initial conditions in subroutine UPRINIT

have been calculated, one of two paths can be chosen for upper surface

flow integration, depending on the value of ICRIT(J). If ICRIT(l) = 2,

the flow is assumed to be subcritical and further flow integration proceeds

in the same manner as discussed previously. If ICRIT(l) = 1, the flow is

assumed to be supercritical and control is transferred to SPRCRTI.

Subroutines UPRINIT and SPRCRTI compute the initial flow solution on the

upper surface. The varying parameter for flow integration is CYDU.

Decision point 6 is concerned with determining a value for CYDU so that

9



the velocity gradients are continuous through the sonic point. The

graphed output of this iteration is shown in Figure 8. A value of

CYDU - 1.074974 determines continuity of the velocity gradient through

the sonic point and is a satisfactory solution for decision point 6.

Once the initial solution has been completed, calculation of the

flow integration is undertaken for the upper surface including the effects

of the shock foot. The appropriate value of CYDU has already been

determined in subroutine UPRINIT and the flow should return to near

free-stream values if the stagnation point and the shock location have

been chosen judiciously.

In some cases it may be desirable to modify the flow solution during

some intermediate step. The velocity distribution along y which is output

from one step may not be appropriate, and some adjustment of the y-

component velocity calculated near the airfoil surface may be made by

using a Lagrangian or a parabolic curve fit along the y coordinates.

Once again, decision point 5 is encountered and since both upper

and lower surfaces have been computed, control can be transferred to

subroutine DWNSTRM. Subroutine DWNSTRM is concerned with the calculation

of downstream flow conditions. If the value of SL (the shock location on

the upper surface of the airfoil) is correct, flow will return to near

free stream values. If this value is incorrect, subroutines SPRCRT2 and

DWNSTRM must be reiterated with varying values of SL. The results of

such an iteration process are shown in Figure 9. The downstream flows

based on two shock locations should bracket the free-stream value ten

chord lengths downstream from the body (P/P = I at x/c = 10). As shown

in Figure 9, the exact shock location lies between x/c = 0.57 and 0.58.

When the downstream flow conditions most nearly approximate free-

stream values for the upper surface, parameter CYDL can be varied for the

lower surface to find the value which most nearly approximates free-stream

flow conditions downstream of the airfoil. In this case, subroutines

LWRINIT, SUBCRTI, SUBCRT2, and DWNSTRM are iterated to find a value for
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CYDL which most nearly approximates free-stream conditions downstream

of the airfoil. The results of this iteration process are shown in

Figure 10. The downstream flow conditions most nearly approximate free-

stream values at CYDL = 0.8131, and this value of CYDL is chosen to compute

the lower surface flow conditions.

There is one remaining step in the solution process, namely, to

check the calculated pressure distributions and determine whether the

Kutta condition is met at the trailing edge. The upper and lower surface

pressure distributions are shown in Figure 11. Since the pressures

calculated at the trailing edge for upper and lower surfaces have less

than 3-percent error, the assumed stagnation point is correct. If these

pressures had not matched at decision point 9, a change would have been

required for the stagnation point and the solution process would proceed

again from decision point 2.

The upper surface pressure distribution depends greatly on the value

of 0, the oblique shock angle of the shock foot. The shock location moves

forward with decreasing values for •. In this particular example, a change

of entropy was allowed through the shock wave and the angle of 0 was assumed

to be 70 deg.

Other Airfoils

The procedure for calculating the transonic flows over other airfoils

is basically the same as above except that a change has to be made in

subroutine ARFL. An analytic function does not exist for airfoils other

than NACA 4-digit series, and some method of airfoil representation must

be used. The method used for this program is the spline fit (see

Appendix A). The method requires a given set of data points and the first

derivatives at the beginning and end points of that set. The coordinates

of the airfoil should be very accurate for a smooth curve fit. It is

possible to find an airfoil shape with a smooth second derivative fit by

varying the beginning and end slopes of the airfoil.
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Figure 12 shows the fitted curve for a particular airfoil, and a

plot of the second derivatives for this curve. The smooth fit for the

second derivatives ensures that the airfoil curvature is pretty well

represented.

APPLICATION OF INTERACTIVE GRAPHICS

The subroutines previously described have been incorporated into

an interactive graphics program so that program execution can be

accomplished most efficiently. The interactive graphics program has

been written with the help of Graphic Pac, an NSRDC-developed software

package for use with graphics facilities. The Graphic Pac features

include virtual memory data management for both graphic and nongraphic

data and a comprehensive collection of interactive facilities; program

control is modified during execution by the use of subroutine WAITE.

When a call is made to this subroutine, execution stops and the program

awaits input from an attention source. Attention sources are the light

buttons and text entities which appear on the screen, and these may be

signalled by the light pen.

When Graphic Pac is used, all subroutines have to be compiled into

a relocatable binary format by PRELOAD, an NSRDC-developed utility.

Once the graphics program and the subroutines have been compiled by PRELOAD,

they are loaded into a new task format by TSKLOAD, another NSRDC-developed

utility program. It is the TSKLOAD format which is executed. When this

program is loaded by using IGSGO, it makes nominal demands on the CDC 6700

computer. The control cards needed to create the taskload file are shown

in Figure 13, and those required to make a graphics run are shown in

Figure 14.

*Reported informally in NSRDC Technical Note CMD 42-28 (Graphic Pac - A

Subroutine Package for Interactive Graphic Application Programming),
August 1973.
**Reported informally in NSRDC Technical Note CMD 51-72 (PRELOAD - A

Binary Deck Library Loader for the CDC 6700 Computer), October 1972.
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The CDC 6700 central processor should be specified to compile and

load the program most efficiently. During loading, the program uses

approximately 400 CPU sec, has a field length of 110000 Octals, and

resides in central memory for about 1 hr. During execution, the program

has a field length of 20000 Octals.

The structure of an interactive graphics program is somewhat different

from a program used in batch processing. In order to have maximum control

over the program and to allow input changes when necessary, there are

many points in the program where program execution pauses and waits for

"a signal from one of the attention sources. An attention source can be

"a light register used to type in new input information or an asterisk

used to signal execution of a new batch of coding. The flow chart in

Figure 15 indicates the possible paths for program execution. The nodes

indicate possible input changes.

Each of the tasks in the program perform a well-defined function.

Half of them display information calculated by a HIR subroutine and the

other half maintain the screen displays. A brief description of each

task is given in Appendix D. The subroutines used by these tasks and

their functions are given in Appendix B.

According to Figure 15, there are many possible paths for the program

to follow. However, it is not necessary to use all these paths in the

solution process. In some cases, a decision box could have been used

instead of a node. In order to avoid a complex logic diagram, however,

the format of Figure 15 was chosen. This figure at least gives an

indication of the versatility of the interactive graphics program which

allows many possible paths instead of two or three from a particular

program control point.

BASIC FORMAT

Figure 16 gives the basic format for the graphic output of a step.

Most of the screen display is given to the plot of currently computed

output. Sometimes two plots may appear in this area of the screen.

If for any reason at all, it is impossible to perform the integration

13



at this step, a large X will cover the graph display; if only a partial

integration is possible, the message INTEGRATION INCOMPLETE will flash on

the screen. There are two columns of light registers in the lower right-

hand corner of the screen; the first gives information on flow conditions

at the currently computed step and the second contains the input variables.

The variables are light pen detectable, and the values in them can be

changed. A current value can be erased and replaced with a blank by

touching a light register with a light pen and depressing the handle of

the pen. A new value can then be inserted by typing it in on the key-

board and pressing the keyboard release button. When the COMPUTE button

at the bottom of the column is touched, the program will attempt to

execute the step with the current input. The asterisks surrounding the

airfoil in the lower left-hand corner signify the steps of the flow

solution; they are coded in Figure 16. The currently computed step is

identified by a flashing asterisk. The asterisks will appear only when

the program is ready to execute the program step which they represent.

Program control can be transferred to any other step by signalling the

appropriate asterisk with the light pen. The program can be terminated

at any time by using the light pen to signal the STOP button in the far

left-hand corner.

The input to the graphics program consists of 32 flow solution

parameters and a maximum of 40 airfoil data points and the first

derivatives at these data points. These airfoil data points and their

first derivatives have been chosen to ensure a smooth second derivative

curve fit in accordance with Appendix A. A description of the input

data is given in Appendix E. Many of the flow solution parameters assume

the values suggested in the appendix.

ILLUSTRATIVE EXAMPLE

Just as an illustrative example of flow past an NACA 0015 airfoil

was used to describe the MIR program subroutines, an illustrative example

of flow past an advanced transonic airfoil will describe the use of IGS.

The first display to appear on the screen is that shown in Figure 17.
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The four light registers contain the free-stream flow conditions and

certain initial conditions:

ALPHA = Angle of attack

MACH NO. = Mach number

YI(UPR) = Location of outermost strip in upper surface
(given in chord length)

YI(LWR) = Location of outermost strip in lower surface
(given in chord length)

If these flow conditions are satisfactory, control may be transferred

to the first step in the flow solution by signalling the light button

PROCEED.

The first step in the solution is the calculation of the upstream

flow conditions. The necessary parameters for the upstream solution are

the number of strips used in integration and XOO, the distance from

free-stream flow conditions to the stagnation point on the airfoil.

The parameter NN indicates the number of strips used for the bulk of

integration, and NA indicates the number of additional strips used in

the vicinity of the airfoil. For greater accuracy, it is recommended

that eight strips be used in the vicinity of the airfoil. Figure 18

indicates the screen display corresponding to this solution.

The flashing light ahead of the airfoil in the lower left-hand

corner of the screen display indicates that the upstream solution is

ready for execution. When the COMPUTE light button at the bottom of

the second column of light registers is signalled, this step will be

executed by using the input values currently in the light registers.

The computed values of YSO and DE will be displayed in the first column.

These values should be less than 0.1. The graphic output shows Y versus

M, the velocity profile at the final station of upstream integration,

and M versus X, the variation of Mach number along the stagnation

streamline. These two graphs are characteristic of an appropriate

solution.

If the computation of the upstream solution is complete, the program

may proceed to the stagnation solution. The necessary parameters used to
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iterate on this stagnation solution are XS, the X-coordinate of the

stagnation point, YSO, the distance that the stagnation streamline is

perturbed by the airfoil, and DVOO(I), the cross velocity gradient used

in the upstream solution. The screen display is shown in Figure 19.

If DVOO(F), the cross velocity gradient calculated at the particular

stagnation point, does not agree with DVOO(I), then DVOO(I) must be

changed to the newly calculated value, and the upstream solution must

be recalculated. By signalling the light far to the left of the airfoil,

control is transferred back to the upstream solution which is computed by

using the new DVOO(I). When the streamline geometry seems reasonable and

the cross velocity gradients agree at the stagnation point, the program

may proceed to the step which determines flow criticality on either the

upper or lower surface. For example, consider the flow on the upper

surface. Control is transferred to this step by signalling the light

just above the leading edge of the airfoil.

The screen display shown in Figure 20 determines the type of flow

present on the upper surface. In this case the Mach number reaches a

value of 0.96 in a relatively short distance, and so it is safe to assume

that supercritical flow is present on the upper surface. By signalling

the SUPERSONIC light button, program control is transferred to the next

step which computes the initial conditions on the upper surface.

The screen display of Figure 20 also indicates the light button

LAGRANGIAN. When it is signalled, the normal velocity component at the

innermost strip at'the initial step will be corrected using a Lagrangian

curve fit. The light button LAGRANGIAN will disappear and the light button

PARABOLIC will appear in the same area on the screen. Similarly, when the

latter is signalled, the normal velocity component at the innermost strip

at the initial step will be corrected using a parabolic curve fit. If

neither light button is signalled, the normal velocity component at the

innermost strip will not be modified during the flow integration.

The necessary parameters for calculation of the initial solution

are XA, the initial point of flow integration, and CYD, which determines

the initial velocity profile shape. The screen display of Figure 21
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illustrates the iterative process used to satisfy the flow conditions

in this step. After an initial point has been chosen, the parameter

CYDU is varied until the velocity gradient DUDX is continuous through

the sonic point.

The following additional information is included to help proceed to

a converged solution. The value of RBUB (PbVb in Figure 7) should be

less than 1.1 and CYDU should be increased until this requirement is met.

If CYDU is too large, the velocity gradients will become negative and the

flow will become subsonic, prohibiting further integration. If the

solution still does not converge, the number of strips NN should be

decreased by one. When an appropriate CYD value is chosen and integration

is completed, a light above the airfoil will signal that the upper surface

airfoil solution is now ready to be computed. Further refinements to the

initial solution can now be made or control can be transferred to the next

step by signalling the light above the airfoil.

The screen display of Figure 22 indicates the airfoil solution on the

upper surface. The location of the shock foot should be chosen so that

flow integration may proceed from the initial solution to the trailing edge

of the airfoil. If the shock location is chosen too close to the nose of

the airfoil, the flow will accelerate to supersonic again after the shock

wave, prohibiting further integration; if the shock location is chosen too

close to the trailing edge of the airfoil, the flow becomes over expanded

before the shock foot, prohibiting further integration. A careful choice

of shock foot will allow integration to proceed to the trailing edge.

If the solution on the upper surface is completed, control may be

transferred to the step which determines flow criticality on the lower

surface by signalling the light under the leading edge of the airfoil.

The screen display for this step is shown in Figure 23. Since the local

Mach number is below 0.6 for at least 5 percent of the airfoil surface,

it is safe to assume that subcritical flow exists on the lower surface

of the airfoil. The program now proceeds to the step which computes the

airfoil solution on the lower surface.
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The screen display of Figure 23 also shows the light button LAGRANGIAN.

Correction to the innermost strip y-component velocity can be made by

signalling this light button in the same manner as indicated for Figure 20.

The screen display for the airfoil solution is shown in Figure 24.

The parameters for this solution are the same as for the initial solution

on the upper surface. If the chosen value of CYDL is too small, the

message FLOWS NOT MATCHED will appear where UB = 0.699485 now appears

on the screen. When the value of CYDL is increased, the value of RBUB

will decrease and flow integration may proceed. A particular choice for

CYDL will allow integration to proceed to the trailing edge. Further

improvements can be made to the airfoil solution or control may be

transferred to the downstream solution. The upper surface and lower

surface can be computed in any order, but the downstream solution cannot

be computed until both upper and lower surfaces are computed.

The screen display of Figure 25 will appear when the light to the

right of the airfoil is signalled. A satisfactory solution for this

step would be one in which the graph of PO versus X has values fairly

close to one, meaning that the computed pressures are fairly close to

free-stream pressures downstream. Since control was transferred to this

step from the lower surface, the downstream solution considers the flow

regime from the slip streamline to the outermost strip on the lower

surface. In order to find a solution which will yield free-stream flow

conditions in this regime, an iteration must be made on the lower surface

airfoil solution and the downstream solution by varying the value of CYDL.

Once a satisfactory solution has been found, control may be transferred

to the airfoil solution on the upper surface by signalling the light just

above the airfoil.

The screen display for the airfoil solution on the upper surface

is the same as previously shown in Figure 22. Since both upper and lower

surfaces have been computed, control may be transferred to the downstream

solution by signalling the light to the right of the airfoil.

Since control was transferred to this step from the upper surface,

the downstream solution considers the flow regime from the slip streamline
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to the outermost strip on the upper surface. In order to find a solution

which yields free-stream flow conditions downstream, an iteration must

be made on the upper surface airfoil solution and the downstream solution

by varying the value of SL. When an appropriate solution has been found,

control may be transferred to the final program by signalling the light

which appears on the airfoil.

Figure 26 illustrates the screen display of the final program step.

The validity of the solution can be checked by inspecting the pressure

distributions computed in the airfoil solution for both upper and lower

surfaces. (Pressures on the upper and lower surfaces should match at

the trailing edge in order to satisfy the Kutta condition.) Inspection

of Figure 26 shows that this condition has not been met (there is a 10-

percent discrepancy between trailing edge pressures) and that further

action should be taken to correct this situation. Program control can

be transferred to the stagnation solution for the selection of a new

stagnation point. Then the whole solution procedures described above

should be repeated.

Solutions exist for each of the four major iteration processes which

have been presented. Failure to find a bracketed solution for a particular

iteration process indicates the need for further refinement in the strip

arrangement of the flow field. Computational experience further indicates

that special attention should be given to spline fitting the leading

edge of the airfoil to ensure that the curvature of the airfoil is

smoothly continuous in the region of the sonic point to avoid difficulties

in attaining converged solution.

CONCLUDING REMARKS

The use of interactive graphics enables a practical application of

the method of integral relations to solve transonic flow problems past

lifting airfoils. For instance, 5 to 10 min of actual computer time and

about I hr of interactive graphics time are required to determine the

converged solution, i.e., pressure distribution about the given airfoil

for a given flow condition. With experience, these times could be reduced

still more.
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Experience at NSRDC during the development of the application

indicates that care must be exercised in the strip arrangement of the

flow field and in the spline fitting of the airfoil coordinates,

particularly near the leading edge or sonic point area in order to

ensure numerical stability and accuracy.

The use of interactive graphics for this program is minimal.

Further refinements might include hard copies of the output from the

Cal Comp plotter. The only output now saved is that on the line printer.

Use of light registers might also make it possible to keep track of

previous guesses on a particular iteration.
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Figure 12 - Second Derivative Spline Fit for an Advanced Airfoil
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of the Interactive Graphics Program
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* VAR4=1.0 VAR1=1.0
1* 27 VAR5=0.0 VAR2=0.0

6 VAR6=0.0 VAR3=1.0
STOP . . COMPUTE

1. UPSTREAM SOLUTION 5. LOWER SURFACE INITIAL SOLUTION
2. STAGNATION SOLUTION 6. LOWER SURFACE AIRFOIL SOLUTION
3. UPPER SURFACE INITIAL SOLUTION 7. DOWNSTREAM SOLUTION
4. UPPER SURFACE AIRFOIL SOLUTION 8. KUTTA CONDITION CHECK

Figure 16 - Basic Format for Screen Displays
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MACH NO.=0.7

ALPHA=1.5
YI(UPR)=7.0

STOP PROCEED YI(LWR)=7.0

Figure 17 - First Screen Display
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Y

MI

MO

x
YSO=0.012598 XOO=2.5

S* - DE=0.056 NA=3

STOP NN=5
COMPUTE

Figure 18 - Screen Display for Upstream Solution
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YS=0.015826 XS=0.004
* -DVOO(F)=6.018846 YSO=0.012598

DVO0(I)=6.0
COMPUTE

Figure 19 - Screen Display for Stagnation Solution
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MB

XB SUBSONIC
SUPERSONIC
LAGRANGIAN

STOP

Figure 20 - Screen Display for Flow Criticality on Upper Surface
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DUDX

RBUB=0.984972 XA=0.0125

. UB=0.971597 CYD=1.564133
NN=6

STOP COMPUTE

Figure 21 - Screen Display for Initial Solution - Upper Surface
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MO

PO= 1.SHOCK LOC=0.485
P0=1.1052 NN=5

COMPUTE

Figure 22 - Screen Display for Airfoil Solution - Upper Surface
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MB

XB SUBSONIC

* *( C . SUPERSONIC
LAGRANGIAN

STOP

Figure 23 Screen Display for Flow Criticality on Lower Surface

43



MO

x
RBUB=0.790322 XA=O.018
UB=0.699485 CYD=0.69458

STOP P0=0.9890 COMPUTE

Figure 24 Screen Display for Airfoil Solution - Lower Surface
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Pt.

x

PO

* x

NN=3

STOP COMPUTE

Figure 25 - Screen Display for Downstream Solution
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P

* x

STOP

Figure 26 Screen Display for Kutta Condition Check
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APPENDIX A

AIRFOIL REPRESENTATION BY SPLINES

In the analysis of arbitrary airfoil shapes, very accurate first

and second derivative information of the airfoil surface is needed to

complete flow analysis. The use of a nonperiodic cubic spline in airfoil

representations provides a function which has linear changes in the

second derivative between points on the airfoil. In order to fit a cubic

spline to the points on an airfoil, very accurate data input is necessary.

Also necessary to generating an accurate cubic spline function are the

initial and final slopes of the airfoil.

The determination of the coefficients mj for a cubic spline function

is given by the system of equations: 4

2io0. . .0 0 0 - C
0 I

2 21 . . .0 0 0 m 2 1

0.. 2 'N-2 0 'N-2 CN-2
0 0 0 . . . XN 2 4NI N CN-I

0 0 . . . 0 X 2 m CN :MN N

where C. are the y-coordinates of the airfoil data points and m. are
j J

the first derivatives at these data points. The coefficients
x = hl/(h.+h,) and pj =1- XI . The variable h. indicates the mesh

spacing; here h. x. -xj.- and x. are the x-coordinates of the airfoil

data points. The first derivatives at the beginning and end points

(m°0 and mN) and the airfoil data points are assumed to be known.

Once the values of m. have been determined, the cubic spline

function can be expressed on (x ilX.) as
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(XJ -X) 2 (x-x j _ ) (x-x • _ ) 2 (x -x7)
S(x) = 1 m1  hJ2Smj _m h.2 h 2

J

(x -x) 2 [2(x-xj- 1 ) + h.]

0

(x-x.jl) 2 [2(x -x) + h.]

The first derivative can be expressed as

(xj-x)(2xj.l+ x j-3x) -M. (x-x )(2x .+ x.jl- 3x)
SI x( m -- h.2 h.2

3y-

Yji- Yj-I

+ h.3 6(xj- x)(x- xjl)

J

The second derivative can be expressed as

x 2x.j+ xj- 3x 2xjil+ x j- 3x
S1 (x) = -2m. ~ i- 2m. J

-h .2 h .2J j

+ 6 j (x .+ x - 2x)

The above represents a revised version of spline program as
2

discussed by Tai. More information on spline functions can be found

in Ahlberg et al. 4

4. Ahlberg, J. H. et al., "The Theory of Splines and Their
Applications," Academic Press, New York (1967).
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SUBROUTINE SPLNFT(P4, SLOPEISLOPEFJ)
COM?4ON/PTARtFLIXX(.0,21 ,vT('.0,2) ,AM(40,2) ,CA P
DIMENSION TRIO(4,301
IF(N.NE.2) GO TO 20

S AM(l,J) =(YY(2,J)-YT~iJI )I(XX(2,JI -XX(iJ) )

RETURN
20 A =XX(2,J)-XX(I,J)

9= XX(3,J)-XX(2,J)
is C =YTI2,J)-VY(IJ)

O= VY(3,J)-YYC2,J)
TRID(191) =0.0
TRID(2,i) =1.0
TRIC(3,1) 0.0

TRID(iN) =0.0
TRIO(29N) =1.0
TRID(3,N) 0.0
TRIOE'.,N) = SLOPEF

20 IFIN = N-1
00 4.0 I=2,IFIN
TRID(I, I) :A
TRID(2,I) =2.0 'ZA+S)
TRIO(391) =

IFII-IFIN) 35,50,35
35 A=B

9=XX(I+2, J)-XX(I+19J)
c=O

30 4.0 0VYY(If-2vJ)-TY(I+i,J)
50 00 55 I=I,IFIN

TRIO(lPIJ = TRI3(19I)/TRID(ZI)
TRID('.,II = TRIo('.,I,/rRIO(2,I)
TRIDE2pI+I) = TRI0(2,I+1) -TRIOE3tI~i)'TRI:J(i,I)

35 55 TRID 4,I~i2=rRID(4,I+Ij -TRID'.,I),TRIr)(3,I4ID
TRIO(4pN) TRID(49N)ITRID(29N)

00 60 I=2,IFIN
NN = -1

4.0 60 At4(NN,J1= TRIO(L.,NN) TRIO(1,NN)wAM(NN.1,J)
AtI(NJ) =TRID(4,N)

RETURN
END
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APPENDIX B

DESCRIPTION OF SUBROUTINES

VARIABLES IN ACOM

The following variables refer to the dividing streamline, that is,

the strip which proceeds from the upstream solution to the stagnation point

and follows the upper and lower airfoil surfaces to the trailing edge of

the body and from the trailing edge of the body to nine chord lengths

downstream from the airfoil.

YO = y-coordinate normalized with respect to chord length

PO = pressure ratio P/P

RO = density ratio p/p.

UO = velocity component in x, u/u,

VO = velocity component in y, v/v.

RMO = Mach number

DUO = velocity gradient (du/dx)o

The following variables refer to the intermediate NN strips in flow

integration;

Y(2,10) = y-coordinate normalized with respect to chord length

P(2,10) = pressure ratio P/Pm

R(2,10) = density ratio p/pm

U(2,10) = velocity component in x, u/u.

V(2,10) = velocity component in y, v/v.

RM(2,10) = Mach number

DU(2,10) = velocity gradient (du/dx)

The first subscript references either upper or lower surface and the

second subscript references a particular strip. For instance, Y(l,l)

references the outermost strip on the upper surface and Y(2,1) references

the outermost strip on the lower surface. If five strips are being used

to perform the flow integration, Y(1,5) would reference the innermost strip

on the upper surface. Suppose we chose in free-stream condition an outer-

most strip seven chord lengths away from the body; then Y(l,l) = 7.0.

Intermediate strips are spaced half as far away from the dividing streamline

as the previous strip. Hence,
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Y(1,2) = 3.5

Y(l,3) = 1.75

Y(1,4) = 0.875

Y(1,5) = 0.4375

All of the flow variables are normalized by free-stream values.

VN = velocity component at airfoil surface normal to airfoil

VS = velocity component at airfoil surface, tangential to airfoil

X = X-coordinate

XA = distance along airfoil chord

XB = distance along airfoil parallel to X axis

H = integration step size

YB

XB

S.... • XA

VARIABLES IN COMMON/AINPUT/

AIN(l) DVOOI = estimated cross velocity gradient at stagnation point

AIN(2) XS = stagnation point on airfoil

AIN(3) XAO = initial point upper surface

AIN(4) CYDU = parameter indicating shape of final velocity profile
of final upstream integration station for upper
surface

AIN(5) XAI = initial point lower surface

AIN(6) CYDL = parameter indicating shape of final velocity profile
of final upstream integration station for lower
surface

AIN(7) SL = shock location
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AIN(8) XOO P 4.0 = parameter used in calculating DVOO for UPSTRM

AIN(9) RmT R 7.0 = Mach number used in UPSTRM

AIN(10) CDY F0.l = upper limit for slope of stagnation streamline
in UPSTRM

AIN(II) YU 0.7 = location of outermost strip on upper surface

AIN(12) YL 7.0 = location of outermost strip on lower surface

AIN(13) CX ; 0.5 = X-coordinate for last integration step in
SUBCRTI

AIN(14) RMC • 0.92 = upper limit for Mach number on innermost
strip in SPRCRTI

AIN(15) BETAD = shock wave angle

AIN(16) DELS = entropy change through shock foot in SPRCRT2

AIN(17) CDDQ ; 11.0 = upper limit for d 2q/dx2 in SPRCRT2

AIN(18) RKI - 5.0 = value of RK for DWNSTRM

AIN(19) XASPR = X-coordinate for initial point in SPRCRT2

AIN(2) DE = distance from final station of upstream
integration to airfoil surface

AIN(21) YSO = distance which stagnation streamline is
perturbed by the airfoil

AIN(22) YS = y-coordinate of stagnation point

AIN(23) CSI = value of CS in DWNSTRM

AIN(24) CZI = value of CZ in DWNSTRM

NNI(l) = number of strips used for the bulk of flow
integration in UPSTRM

NNI(2) = number of additional strips used near
stagnation point in UPSTRM

NNI(3) = number of strips used in UPRINIT

NNI(4) = number of strips used in LWRINIT

NNI(5) = number of strips used in SPRCRT2

NNI(6) = number of strips used in DWNSTRM

NNI(7) = dummy variable used in IOUPRIN and IOLWRIN

H(l) = step size in UPSTRM

H(2) = step size in SPRCRTI

H(3) = step size in SUBCRTI

H(4) = step size in SUBCRT2

H(5) = step size in SPRCRT2

H(6) = step size in DWNSTRM
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VARIABLES IN COMMON/YUVSAV/

These variables contain the flow conditions output from one step

and input to another. The flow conditions are y, the distance from

the airfoil surface to this particular strip, u, the horizontal velocity

component, and v, the vertical velocity component.

For subroutine UPSTRM, the output variables are stored in arrays

YI, UI, and VI, and the number of strips is stored in NNI. These

variables are input to subroutines UPRCRIT, UPRINIT, LWRCRIT, and

LWRINIT.

For subroutine SPRCRT1, the output variables are stored in arrays

YSPR, USPR, and VSPR, and the number of strips is stored in NNSPR.

These variables are input to subroutine SPRCRT2.

For subroutine SPRCRT2 or SUBCRT2, the output variables are stored

in arrays YU, UU, VU, and YL, UL, and VL, and the number of strips is

stored in NNDWN. The flow conditions for the dividing streamline are

stored in arrays YO, UO, and VO. These variables are input to subroutine

DWNS TRM.

VARIABLES IN BLANK CONMON

C = 1 + 5/M 2

CK = 5/7M

RS = (1/7CK + 1)2.5

FM = M = Mach number

ALPHA = = angle of attack
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OUTPUT SUBROUTINES
I

No references are made to read and write units in the subroutines

which actually perform the flow integration processes. The output

variables are stored in arrays and are output on the line printer in

subroutines beginning with the letters 10. The output subroutines

and the corresponding flow integration subroutine are:

IOUPSTM UPSTRM

IOSTGNA STAGNA

IOUPRCT UPRCRIT

IOUPRIN UPRINIT,SPRCRTI

IOSPCT2 SPRCRT2

IOLWRCT LWRCRIT

IOLWRIN LWRINIT,SUBCRT1,SUBCRT2

IODNSTN DWNSTRM

FLOW INTEGRATION SUBROUTINES

Subroutine UPSTRM

This subroutine performs the upstream integration from free-stream

conditions to the stagnation point on the airfoil. The primary outputs

of the subroutine are given in COMMON/OUTCOM.

AXA = x stations along stagnation streamline

ARMO = Mach number along stagnation streamline

AY = y stations at final integration station

ARM =Mach numbers at final integration station

Other important variables are

CSO = Mach number

CSI =Mach number at which more strips are added to the flow solution

DYO = local slope of the stagnation streamline

Integration proceeds from the free-stream conditions to a point

where the Mach number on the stagnation streamline is considerably

lessened. This part of the integration uses subroutine DIST which
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includes the effects of the cross velocity gradient DVOOI. When the

Mach number RMO reaches a particular value of RMT, the flow integration

uses subroutines STMR and LUMR depending on the slope of the stagnation

streamline, DYO. The value of RMD should decrease until it reaches a

value of CSO; at this point, flow values are stored for future use.

If this is the first time that flow variables are stored, more strips

are added to the flow integration. The flow integration now includes

a total of NN + NA strips and the stagnation streamline. The parameter

CSO is decreased by a value of 0.05, and flow integration continues to

the point where RMO reaches this value. The flow values are stored at

this point, and the process is repeated until flow values are stored at

four points. By using a Lagrangian, values of RNO are extrapolated to

the point where RMO = 0, the point where the stagnation streamline meets

the airfoil. The value of DE, the distance from the last computed station

of upstream integration to the stagnation point on the airfoil, can now

be computed. Upstream integration is now complete.

The final section of this subroutine computes airfoil coordinates

and 11 points along the stagnation streamline. This information is

input to subroutine STAGNA to calculate the stagnation streamline geometry.

Subroutine STAGNA

This subroutine computes the cross velocity gradient at the point

XS and the stagnation streamline geometry corresponding to this

stagnation point. The primary outputs of this subroutine are given

in CON•UN/ECOM/ as:

XOU = x-coordinates of airfoil nose

YOU = y-coordinates of airfoil nose

XAF = x-coordinates of stagnation streamline

YAF = y-coordinates of stagnation streamline
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Other important variables in this subroutine are:

DE = distance from final station of upstream integration to
airfoil surface

YSO = distance which stagnation streamline is perturbed by the
airfoil

YS = y-coordinate of stagnation point

DE

YS
YSO

"S

For a given stagnation point XS, the radius of curvature RA at this

point on the airfoil is calculated. The cross velocity gradient DVOOF

can then be calculated. The airfoil coordinates and stagnation streamline

are then converted to one Cartesian frame of reference.

Subroutine UPRCRIT

This subroutine determines flow criticality on the upper surface

by computing the Mach number at various points along the surface. The

primary outputs of this subroutine are given in COMMON/OUTCOM/ as:

AXB = x station on airfoil surface

ARMB = Mach number calculated at airfoil surface

For a given initial point XA, a perpendicular is drawn to the

airfoil surface which intersects the final station of upstream integration.

Depending on where the perpendicular intersects this station, the mass

flow into the control volume is calculated. By using the Newton-Raphson

method, the flow out of the control volume is calculated which matches

the input flow, and the Mach number at this point is calculated.
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The sketch illustrates the control volume and the corresponding

geometry.

MSS FLOW OUT

MASS FLOW IN
IN=

XA

DE

YS

•_ YSO

Subroutine UPRINIT(ICRIT)

This subroutine determine the initial flow conditions on the upper

surface for a particular initial point. The solution method is the same

as UPRCRIT, but the solution is performed for one point instead of a

series of points. Important output variables are given in COM1ON/RBUBCM/

as:

RBUB = mass flux at initial point

UBINIT = velocity at initial point

The calculation of RBUB, the mass flux at the surface of the airfoil,

includes the term CYD. Increasing the value of CYD decreases the value

of RBUB. In some cases the value of UBINIT cannot be calculated because

the value of RBUB is too large or too small, but there is a wide range

of values of CYD for which a solution exists.
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Subroutine SPRCRTI(J)

This subroutine performs the initial integration of flow conditions

for supercritical flow. The parameter J indicates airfoil surface.

(J = I for upper surface, j = 2 for lower surface.) Important output

variables are given in CONMON/OUTCOM/ as:

XBO = x stations at airfoil surface

RMBO = Mach number along stagnation streamline

DUBO = velocity gradients along stagnation streamline

The subroutine consists of three main steps:

1. Integration in subsonic region and storage of data during

integration to extrapolate through the sonic point.

2. Extrapolation through the sonic point.

3. Integration in supersonic region and extrapolation of data

to final station.

Flow integration in this subroutine as well as SUBCRTI utilizes

subroutine INBO to calculate the flow properties at the surface of the

airfoil. All other subroutines calculate flow properties along the

airfoil surface in subroutine INAS.

A typical flow integration step in subroutine SPRCRTI has the form

CALL OUNS(I,J)

NN1 = NN-I

DO 10 N = 1, NNI

10 CALL INAS(I,J,N,I)

CALL INBO(NN,J)

During integration in the subsonic region, checks are made at each

integration step on the surface velocity gradient DUB and Mach number RMB.

If DUB is less than 5.0 or RNB suddenly becomes greater than 1.0, the

trial is aborted. For purposes of extrapolating data through the sonic

point, data are saved at points where RMB = 0.9, 0.92, 0.94 and 0.96.

Once data at those four points have been saved, an attempt is made

to extrapolate through the sonic point by using a Lagrangian function.

The value of XA is incremented until a value for RMB greater than 1.03
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is produced. Once this is done, the flow properties at this station

are calculated, and integration proceeds to the supersonic region.

During integration in the supersonic region, checks are made at each

integration step on the values of DUB and RMB. If DUB is greater than

60.0 or RMB is less than 1.0, the trial is aborted. If the value of the

velocity gradient and Mach number at the innermost strip, DU(J,NN) and

RM(J,NN), respectively, are greater than specified values, the number of

integration strips is reduced by one. Because of different coordinate

systems used, a very small gap in the flow field exists between the output

station of SPRCRT1(J) and the input station of SPRCRT2(J). Flow properties

are extrapolated in this gap by using a Lagrangian function.

Subroutine SPRCRT2(J)

This subroutine performs integration for supercritical flow for

the bulk of the airfoil surface. The output variables located in

COMMON/OUTCOM/ are:

AXA = integration station XA

ADU = velocity gradient (du/dx) at innermost strip NN

DDQO = d/dx(dq/dx) spatial rate of-change of dynamic pressure at
innermost strip NN

A typical flow integration step in subroutine SPRCRT2 has the form

CALL OUNS(l,J)

DO 10 N = 1, NN

10 CALL INAS(I,J,N,NN)

Flow integration in the upper surface is accomplished in three steps:

subcritical, supercritical, and subcritical flow integrations. Subcritical

flow is calculated from the leading edge to the sonic line; supercritical

from sonic line to shock location SL and finally subcritical from SL to the

trailing edge.

During flow integration in the supersonic region, checks are made

on the values of DUO and RND. If DUO is greater than 100 or RMD is less

than 1.0, the trial is aborted. If the value of DDQ is greater than the

input value of CDDQ, the number of flow integration strips is decreased

by one.
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Flow integration proceeds to the point where X is greater than SL,

and the Rankine-Hugoniot relations are applied there across the designated

shock location. If the value of DELS is greater than 0.0, allowances

are made for an entropy change through the shock location.

New flow variables are computed at the shock location SL, and flow

integration proceeds to the trailing edge. Checks are made on DUO and

RMO to ensure that the flow remains subcritical throughout the integration.

Subroutine LWRCRIT

This subroutine determines flow criticality on the lower surface

by computing Mach number at various points along the surface. Important

output variables given in COMMON/OUTCOM are:

AXB = X stations for Mach number calculations

ARMB = Mach number calculated at airfoil surface

For a given initial point XA, a perpendicular is drawn to the airfoil

surface which intersects the final station of upstream integration.

Depending on where the perpendicular intersects this station, the mass

flow into the control volume is calculated. By using the Newton-Raphson

method, the mass flow out of the control volume is calculated which

matches the input flow, and the Mach number is calculated.

An illustration of the control volume and the corresponding geometry

is shown below; the perpendicular intersects the final station between

Y(2,6) and Y(2,7).
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Subroutine LWRINIT(ICRIT)

This subroutine determines the initial flow conditions on the lower

surface for a particular initial point. The solution method is the same

as LWRCRIT, but the solution is performed for one point instead of a

series of points. Important output variables given in COMMON/RBUBCM/

are:

RBUB = PbVb at initial point

UBINIT = velocity at given initial point

The initial flow conditions for lower surface flow are computed

in the same manner as subroutine LWRCRIT, and computation proceeds

according to the value of ICRIT.
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Subroutine SUBCRTI(J)

This subroutine performs the initial integration of flow conditions

for subcritical flow. Important output variables are given in COMMON/

OUTCOM/ as:

XBO = integration station

RMBO = Mach number along stagnation streamline

DUBO = velocity gradient along stagnation streamline

A typical flow integration step in subroutine SUBCRTI has the form

CALL OUNS(1,J)

NNI = NN-1

Do 10 N = 1, NN1

10 CALL INAS(IJNI)

CALL INBO(NNJ)

where NN is the number of strips available for integration.

During flow integration, checks are made on the values of RMO and

DUB. If RMO is greater than 1.0, the assumption of subcritical flow is

invalid and the trial is aborted. The trial is also aborted if the

velocity gradient DUB becomes negative near the leading edge of the

airfoil.

Data are saved at four stations for use in excrapolation to

the output flow conditions at station XB which is fairly close to CXI.

The extrapolation is needed to proceed with the integration in subroutine

SUBCRT2.

Subroutine SUBCRT2(J)

This subroutine performs integration for subcritical flow for the

bulk of the airfoil surface. The output variables located in COMMON/

OUTCOM/ are:

AXA = integration station

ARMO = Mach number at surface

ADU = velocity gradient (du/dx) at innermost strip NN
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A typical flow integration step in subroutine SUBCRT2 has the form

CALL OUNS(l,J)

DO 10 N = 1, NN

10 CALL INAS(I,J,N,NN)

During flow integration checks are made on the values of RMO and

ADU. If RMO does not lie between 0.4 and 1.0, the trial is aborted and

if the absolute value of the velocity gradient (du/dx)NN becomes greater

than 2.0, the innermost strip is dropped. At a value of X = cx = 0.5,

another strip is added between the innermost strip and the airfoil surface,

and flow integration continues to the trailing edge of the airfoil,

X = CX = 1.0.

Subroutine DWNSTRM

This subroutine performs flow integration downstream in the airfoil.

The output variables located in COMMDN/OUTCOM/ are:

AX = integration station

APO = pressure ratios along dividing streamline

API = pressure ratios on NN strip

A typical flow integration step in subroutine DWNSTRM has the form

CALL OUNS(l,l)

CALL INAS(i,i,NN,NN)

where NN is the number of the strip used to integrate the intermediate

strip.

Subroutine INVELOC(L,J)

This subroutine calculates the velocity component V(J,NN) of the

innermost strip. If L = 2, this velocity component is computed according

to a Lagrangian function; if L = 3, this velocity component is computed

according to a parabolic function.
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Subroutine ARFL(XA,XB,YB,DYB,DDYB,J)

This subroutine determines the y-coordinate and its first and second

derivatives at a point on the airfoil. The arguments of this subroutine

are:

XA airfoil x-coordinate

The following values are calculated at the given angle of attack:

XB = x-coordinate

YB = y-coordinate

DYB = first derivative

DDYB = second derivative

J = 1 for upper surface and 2 for lower surface.

These values are determined according to the equations in Appendix A.

Subroutine DIST(M,I,N,DYI,DVS,DVl)

This subroutine performs a flow integration step on the divising

streamline in the upstream solution. The arguments of this subroutine

are:

M = ± 1, indicating direction of integration

I = 1 for upper surface and 2 for lower surface

N = number of innermost strip

DYI = slope of dividing streamline

DVS = increment in velocity of dividing streamline

DVl = increment in velocity of vertical component of dividing
streamline

This subroutine includes the effect of the cross velocity gradient

DVOO in determining the flow conditions far upstream from the airfoil.

As the flow integration approaches the airfoil, the Mach number becomes

too small; the flow integration must be completed by subroutines STMR

and LUMR.
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Subroutine STMR(N,T,DY,DVS)

This subroutine performs a flow integration step on the dividing

streamline in the upstream solution. The arguments of this subroutine

are:

N = number of innermost strip

T = angle of dividing streamline with respect to the horizontal;

T - SIN 1 DY/1T 2+DY2

DY = slope of dividing streamline

DVS = increment in velocity of dividing streamline

This subroutine neglects the effects of changes in the vertical

component of the dividing streamline in computing the flow integration.

This is valid if DY > 0.1.

Subroutine LUMR(M,I,N,DYI,DVS,DVI)

This subroutine performs a flow integration step on the dividing

streamline in the upstream solution. The arguments of this subroutine

are:

M = 1 1, indicating direction of integration

I = I for upper surface and 2 for lower surface

N = number of innermost strip

DYI = slope of dividing streamline

DVS = increment in velocity of dividing streamline

DVI = increment in velocity of vertical component of dividing
streamline

This subroutine computes the flow variables in the vicinity of the

airfoil when the value of DYI is less than 0.1.

Subroutine OUNS(M,I)

This subroutine performs a flow integration step on the next to

the outermost streamline. The arguments of the subroutine are:

M = ± 1, indicating direction of integration

I = 1 for upper surface and 2 for lower surface
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The flow on the outermost strip is assumed to be undisturbed and

this integration is performed on the next strip. The remaining strips

in the flow field are computed in subroutine INAS.

The gradients calculated in this subroutine are:

DIJ(I,2) = du/dx, velocity in x-direction

DVI = dv/dx, velocity in y-direction

DY1 = dy/dx, slope of streamline

as output of the Runge-Kutta integration process. Gradients calculated

as input to the next inner strip are:

DRHU(I) = d/dx(pu)

DPRU(I) = d/dx(KP + pu )

DRUV(I) = d/dx(puv)

Subroutine INAS(M,I,N,IJ)

This subroutine performs a flow integration step on the Nth strip.

The arguments of this subroutine are:

M = 1, indicating direction of integration

I = 1 for upper surface and 2 for lower surface

N = strip number

IJ = NN for subroutines SUBCRT2, SPRCRT2, and DWNSTRM

IJ = 1 for all other subroutines

This subroutine performs the bulk of flow integration from the third

to the NNth strip. For subroutines SUBCRT2, SPRCRT2, and DWNSTRM, it

also performs integration on the dividing streamline. This is accomplished

by the use of the parameter ISKIP, which indicates for which subroutine

the solution is being computed.

ISKIP SUBROUTINE

1 SUBCRT2

2 SPRCRT2

3 DWNSTRM
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The value of VO, the vertical component of the stagnation streamline,

is computed differently in these three subroutines.

vo = uo * dy/dx for SUBCRT2

vo = vo + h (dv0/dx) for SPRCRT2 where dv /dx is computed according
to MIR

vo = VOT.E. exp[(l-x)RK] for DWNSTRM

The gradients calculated in this subroutine are the same as those

for subroutine OUNS.

Subroutine INBO(N,I)

This subroutine performs a flow integration along the dividing

streamlines for subroutines SUBCRTI and SPRCRT1. The arguments of this

subroutine are:

N = number of innermost strip

I = 1 for upper surface and 2 for lower surface

The calculation of a strip between the innermost strip and the airfoil

surface is also accomplished here. The parameters YO, UO, VO, RO, and PO

refer to this strip and the parameter YB, UB, RB, and PB refer to the

values at the airfoil surface along the dividing streamline.
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APPENDIX C

SUBROUTINE FLOW CHARTS

UPSTRM

PFINITIALIZPEATION
CSO = 0.65
CSI = 0.45

'NO

,INPUT RMT & H

PERFORM FLOW ]
INTEGRATION STEP
USING DIST

is

N DYO < Y aNO

PERFORM FLOW PERFORM FLOW6
INTEGRATION STEP INTEGRATION STEP
USING STMR USING LUMR

Cs s YES, TO FLOW
. ....IINTEGRATION

SAVE FLOW I=I+I

PROPERTIES BYO(1)=YO
AT THIS BMO (I) =RMO

STATIONIcso=CSO-o 051

68



X = X + 0.0005

A OMPUTE OTHE
FOR NEW
USING LCRNTE

DE, -- X- xoJ
I

SAVE FLOW PARAMETERS

AS INPUTS TO OTHER
SUBROUTINES

(RETURN)i

STAGNA

COPTE DVOOF FOR
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ADJUST COORDINATES•

FOR AIRFOIL NOSE
AND STAGNATION
STREAMLINE TO ONE
CARTESIAN FRAME
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UPRCRIT

DX = 0.003

I1 0XA =0.01

XA = XA + DX
DETERMINE RBUB
FOR THIS XA

@
iN

RBUBP =(C-l)RBUB
UB =0.1

USING NEWTON-RAPHSON
IDX = 0.00051 METHOD ITERATE ON UB

UNTIL RBUBP = RUP

NO C*UB**0.4-UB**2.4

is DOES
1> 3 ~ CV RUP =RBUBP
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SFOR THIS UB

RETURN 1 20N
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UPRINIT

INITIALIZE INPUT
DCSO - 0.02
DCS1 - 0.03

NO

RBUBP =(C-1)RBUB

LIE 0.1

USING NEWTON-RAPHSON
NETHOD ITERATE ON UB
UNTIL RBUBP = RUP=
C*UB**.4-UB**2.4

DOE S
NO -RUP RBUBP

S
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=SPRCRTIl
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SPRCRTI

INITIALIZE INPUT
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DCSI = 0.03
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CSI =M
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SPRCRT2

A Y IH NIOTRLAIOINPUT]
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LWRCRIT

INITIALIZE INPUT
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LWRI NIT
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SUBCRT1

INITIALIZE INPUT
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SUBCRT2
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APPENDIX D

DESCRIPTION OF INTERACTIVE GRAPHICS PROGRAM

A description of the interactive graphics program requires knowledge

of the Graphic Pac subroutines. * Such software is invaluable to the

applications programmer because it permits him to use the interactive

graphics facility with relative ease and simplicity.

Graphic Pac allows the applications programmer to create light

buttons, light registers, and text entities which appear on the console

screen. The working area of the console screen is a square inscribed

within the circular screen area. The lower left-hand corner of the

working area has the coordinates (-57, -57) and the upper right-hand

corner has the coordinates (57, 57). The light buttons, light registers,

and text entities can appear at any of about 13,000 addressable points

on the screen. The light buttons and some of the text entities are light

pen detectable (i.e., when the area of the screen where they appear is

touched with the light pen, the graphics program executes the task overlay

which is associated with them).

An inspection of the interactive graphics program listing could serve

as an introduction to the workings of the program. The comment cards give

a pretty good indication of the items currently being displayed.

Items are displayed by the statement

CALL GENDF(ID,O)

where ID is a six-integer array identifying a text or polyline entity.

These polyline entities are created in previous statements. Three

statements commonly used in conjunction are

CALL ENSHFT(12HY= ... ,2,Y,7H(FlO.6))

CALL MODFY(ID,I,2,12HY= )

CALL GENDF(ID,O)

These statements take the value Y in format F10.6 and place it after the

equals sign of Y= . The text entity ID is then modified to reflect this

new information and then this text entity is displayed.

*See NSRDC Technical Note CMD 42-28, August 1973.
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BLOCK DATA CGRAF

The block data progtam assigns six integer values to the arrays to

identify each text or polyline entity. It also stores information used

in some of the text entities and light registers to display currently

computed values. Some of the identifying values in BLOCK DATA CGRAF may

be changed during program execution, but most of the values are preserved.

SUBROUTINE PLOTT(XlMIN,X1MAX,YlMIN,YIMAX)

This subroutine creates two polyline entities which graphically

display the data stored in arrays XI and Yl. Two polyline entities arb

created to display these data because of the way in which they were

obtained. For example, PROGRAM AFU2 calls this subroutine to display

velocity gradients computed in the initial flow integration on the upper

surface. Since velocity gradients cannot be computed at the sonic point,

calculations are made to a point just before and a point just after the

sonic point. The point at which one set of values ends and the other

set begins is stored in the word NNI(7). Using this information, the

two polyline entities are created and displayed in this subroutine.

The arguments of this subroutine are:

XIMIN = least upper bound for x scaling

XlMAX = greatest lower bound for x scaling

YIMIN = least upper bound for y scaling

YIMAX = greatest lower bound for y scaling

If only one value is stored in Y1, a large X covers the graphical

display.

SUBROUTINE PLOTTI(XlMIN,XIMAX,YIMIN,YlMAX)

This subroutine creates one polyline entity which graphically displays

the data stored in arrays XI and Yl.

The arguments of this subroutine are:

XlMIN = least upper bound for x scaling

XIMAX = greatest lower bound for x scaling

YIMIN = least upper bound for y scaling

YIMAX = greatest lower bound for y scaling
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If only one value is stored in Yl, a large X covers the graphical

display.

SUBROUTINE PLOTT2(XIMIN,XIMAX,YIMIN,YIMAX,Y2MIN,Y2MAX,J)

This subroutine creates two polyline entities which graphically

display the data stored in Xl and YI and XI and Y2.

The arguments of this subroutine are:

XIMIN = least upper bound for XI scaling

XIMAX = greatest lower bound for Xl scaling

YIMIN = least upper bound for Yl scaling

YIMAX = greatest lower bound for Yl §caling

Y2MIN = least upper bound for Y2 scaling

Y2MAX = greatest lower bound for Y2 scaling

J = an indication of whether or not Y2 values shall be displayed

If only one value is stored in array YI, a large X covers the graphical

display.

SUBROUTINE AMXMNI(YIMAX,YIMIN)

This subroutine determines the largest and smallest values stored

in array Yl.

The arguments of this subroutine are:

YlMAX = largest value stored in Yl

YIMIN = smallest value stored in Y1

SUBROUTINE AMXMN2(Y2MAX,Y2MIN)

This subroutine determines the largest and smallest values stored

in array Y2.

The arguments of this subroutine are:

Y2MAX = largest value stored in Y2

Y2MIN = smallest value stored in Y2
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SUBROUTINE AREAI(XMIN,XMkX,YMIN,YMAX)

This subroutine defines a subscreen area which covers the area

defined by the screen coordinates (-40, -40) and (57, 57) and creates

a grid display for this subscreen area.

The arguments of this subroutine are:

XYIN = smallest x value

XMAX = largest x value

YMIN = smallest y value

YMAX = largest x value

SUBROUTINE AREA2(XMIN,XMAX,YMIN,YMAX,ID)

This subroutine defines a subscreen area and creates a grid display

for this subscreen area.

The arguments of this subroutine are:

XMIN = smallest x value

XMAX = largest x value

YMIN = smallest y value

YMAX = largest y value

ID = subscreen area

One of two subscreen areas can be defined according to the values

of ID. If ID = 1, the defined subscreen area is covered by screen

coordinates (-40, -40) and (57, 10). If ID = 2, the defined subscreen

area is covered by screen coordinates (-40, 17) and(57, 57).

PROGRAM LIEN(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT)

This program comprises the (0, 0) overlay and initiates execution of

the graphic display files.
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PROGRAM NPUT

This task reads input from punched cards and writes out some of

the input on a line printer. The program writes out the label card which

identifies the run and the data points and first derivatives at these data

points which determine the airfoil shape being analyzed. Control is then

automatically transferred to PROGRAM STUP.

PROGRAM STUP

This task creates the text entities and the light registers and

light buttons used throughout the interactive graphics program.

The 59 data points required for the creation of the polyline entity

NAIRFL are stored in X and Y arrays. When this entity is displayed, the

airfoil shape is shown in the lower left-hand corner of the screen.

The text entities stored in COMMON blocks INPUT and NOUT are displayed

in the lower right-hand corner of the screen. The 18 light registers

corresponding to these text entities are displayed by using the same screen

coordinates.

The text entities stored in COMMON blocks NPRCD are displayed in the

lower left-hand corner of the screen. These entities display an asterisk

which is either blinking or nonblinking. The nonblinking asterisks are

light pen detectable and are capable of transferring program control to

a particular task. The text entities stored in COMMON block NAXES are

displayed in conjunction with the displays of the graphed output of a

particular task.

PROGRAM STRT

This task displays the flow conditions in the lower right-hand corner

of the screen. The flow conditions are displayed in the four text entities

and are light pen detectable. The four text entities contain information

in the free-stream Mach number, the angle of attack, and location of the

outermost strip on the upper and lower surfaces. Two light buttons are

also enabled, one of which allows program control to transfer to PROGRAM

PRP1. The program is terminated by a call to subroutine WAITE and awaits

an attention interrupt from an enabled attention source.
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PROGRAM AFUl

This task erases all previous displays and displays information from

subroutine IOUPRCT. The displayed text entities allow program control to

be transferred to PROGRAM PRP3 or PRP4, or to PROGRAM STRT or PRP2. The

program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM PRP3

This task retrieves the integer array of the text entity from which

program control was transferred. If ID(3) = 1, LRSUPR was the attention

source and if ID(3) = 2, LRSUB was the attention source. If ID(3) = 2,

the program awaits an attention interrupt. If ID(3) = 1, the program

erases all previous displays and displays the text entities and light

buttons associated with PROGRAM AFU2. The program terminates and awaits

an attention interrupt from an enabled attention source.

PROGRAM AFU2

This task displays information from subroutine IOUPRIN corresponding

to initial flow integration on the upper surface. The two text entities

display values of RBUB and UB, and the polyline entity graphically displays

DUDX versus x. If the flow integration is complete, NN2 = 1, and the text

entity which allows program control to be transferred to task PRP5 is

displayed. The other two displayed text entities allow program control

to be transferred to task STRT or PRP2. Two light buttons are also enabled,

one of which allows program control to be transferred to task AFU2. The

program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM AFLI

This task erases all previous displays and displays information from

subroutine IOLWRCT. The displayed text entities allow program control to

be transferred to task PRP3 or PRP4, or to task STRT or PRP2. The
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program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRM 1'RP4

This task retrieves the integer array of the text entity from which

program control was transferred. If ID(3) = 1, LRSUPR was the attention

source, and if ID(3) = 2, LRSUB was the attention source. If ID(3) = 1,

the program awaits an attention interrupt. The task erases all previous

displays and displays the text entities and light buttons associated with

task AFL2. The program terminates and awaits an attention interrupt from

an enabled attention source.

PROGRAM AFL2

This task displays information from subroutine IOLWRIN corresponding

to flow integration on the lower surface. The three text entities display

values of RBUB and UB and PO at the trailing edge, and the polyline entity

graphically displays M versus x. If the flow integration is complete,
0

NN2 = 1, and the text entity which allows program control to be transferred

to task AFUl is displayed. If NN2 = 1, the word IGO(J) = 1, and if

IGO(J) = ! for both upper and lower surfaces, the text entity which allows

program control to be transferred to task PRP6 is displayed. The other

two displayed text entities allow program control to be transferred to

task STRT or PRP2. Two light buttons are also enabled, one of which

allows program control to be transferred to task AFL2. The program

terminates and awaits an attention interrupt from an enabled attention

source.

PROGRAM PRP5

This task erases all previous displays and displays the text entities

and light buttons associated with task AFU3. The program terminates and

awaits an attention interrupt from an enabled attention source.
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PROGRAM AFU3

This task displays information from subroutine IOSPCT2 corresponding

to flow integration on the upper surface. The text entity displays the

value of PO at the trailing edge and the polyline entities graphically

display MO versus X. If the flow integration is complete, NN2 = 1,

and the text entity which allows program control to be transferred to

task AFLI is displayed. If NN2 = 1, the word IGO(J) = 1, and if IGO(J) = I

for both upper and lower surface, the text entity which allows program

control to be transferred to task PRP6 is displayed. The three other text

entities allow program control to be transferred to tasks PRP2, AFLI; AFUI,

or PRP3. The program terminates and awaits an attention interrupt from an

enabled attention source.

PROGRAM PRP6

This task erases all previous displays and displays the text entities

and light buttons associated with task DWNI. The program terminates and

awaits an attention interrupt from an enabled attention source.

PROGRAM DWNl

This task displays information from subroutine IODNSTM corresponding

to downstream flow integration. The polyline entities display PO and P1

versus X. If flow integration is complete NN2 = 1, and the text entity

which allows program control to be transferred to task DWN2 is displayed.

The other four displayed text entities allow program control to be

transferred to task PRP2, AFLI, or PRP5. Two light buttons are also

enabled which allow program control to be transferred to task DWNI.

The program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM DWN2

This task erases all previous displays and displays information from

subroutine AKUTTA which contains the pressure distributions on the upper

and lower surfaces. Three text entities are displayed which allow program
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control to be transferred to tasks PRP2, AFLI, and AFUIJ. The program

terminates and awaits an attention interrupt from an enabled attention

source.

PROGRAM CVLI

This task retrieves the integer array of the text entity from which

program control was transferred. The text entity is erased and replaced

by a light register which has the same code number as the first integer

of the text entity. The task then awaits keyboard information to be

typed in. When a new value is typed in and the keyboard release button

is activated, the light register will be replaced with a text entity with

the typed-in value. The task terminates and awaits an attention interrupt

from an enabled attention source.

PROGRAM CVLR

This task is structured identically to task CVLI. The keyboard

information is typed in under a different format, however.

PROGRAM STOP

This task erases the screen display and releases the console from

the computer.

PROGRAM CHGV

This task computes a new value for the normal velocity component of

the innermost strip according to LL(J). If J = 2, the Lagrangian function

is used, and if J = 3, the parabolic function is used.
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APPENDIX E

INPUT DESCRIPTION FOR INTERACTIVE GRAPHICS

CARD 1 FORMAT(12,8X,7AIO)

Columns Description

1-2 Console number
11-80 Title for the run

CARD 2 FORMAT(2I2)

Columns Description

1-2 NP(l) number of data points on upper surface
of airfoil

3-4 NP(2) number of data points on lower surface
of airfoil

CARDS SET 1 FORMAT(3F20.15)

Columns Description

1-20 XX(l,l) x-coordinate

21-40 YY(l,l) y-coordinate

41-60 AM(l,l) first derivative at this point

CARDS SET 2

Columns Description

1-20 XX(l,2) x-coordinate on lower surface

21-40 YY(l,2) y-coordinate on lower surface

41-60 AM(l,2) first derivative at this point

Format is repeated for remainder of airfoil data points

CARD SET 3

CARD 1

Columns Description

1-10 blank

11-20 DVOOI initial cross velocity gradient

21-30 XS stagnation point

31-40 XAO initial point upper surface
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CARD SET 3 - CARD 1 (cont.)

Columns Description

41-50 CYDU flow parameter upper surface

51-60 XAI initial point lower surface

61-70 CYDL flow parameter lower surface

71-80 SL shock location

CARD 2

Columns Description

1-10 XO0 distance from first station of upstream

integration to airfoil surface

11-20 RMT Mach number used in upstream flow
integration, • 0.95 M

21-30 CDY •0.i

31-40 YU location of outermost strip on upper
surface

41-50 YL location of outermost strip on lower
surface

51-60 CS a point in subcritical flow calculations
where a new integration scheme is adopted

61-70 RMC z 0.92 Mach number upper limit for subroutine
SPRCRTI

71-80 BETAD angle of shock foot for subroutine SPRCRT2

CARD 3 FORMAT(8FI0.6)

Columns Description

1-10 DELS 0 for isentropic flow and 1 for
nonisentropic flow through shock foot
in subroutine SPRCRT2

11-20 CDDQ • 11.0 upper limit for DDQ in subroutine
SPRCRT2

21-30 RKI - 5.0 exponent for normal velocity
component in downstream integration
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CARD 4 FORMAT(6Il,4X,7FlO.6)

Columns Description

1 NNI number of strips used in upstream
integration

2 NA2 number of additional strips used near
final station of upstream integration

3 NN3 number of strips used in initial solution
of upper surface flow integration

4 NN4 number of strips used in initial solution
of lower surface flow integration

5 NN5 number of strips used in flow solution
along the upper surface

6 NN6 intermediate strip used in calculating
downstream flow conditions

EXAMPLE INPUT/OUTPUT

This example corresponds to the output which was given for the

demonstration of the interactive graphics program for an advanced airfoil.

In a real situation, however, there would be a greater amount of output

corresponding to the trial solutions for the various solution processes.

The input and output for this example represent only the solutions which

are known to be correct.

The following represents a deck for a graphics run:

CXXX, CM20000,P4,G.
CHARGECXXX,000000000.
ATTACH(IGSGO,CAMVIGSGO)
ATTACH(ATSK,CXXXATSK)
IGSGO(ATSK, 1)
7/8/9
01 TRANSONIC FLOW PAST AN ADVANCED AIRFOIL

0.7 1.5
6.0 .004 .0125 1.564133 .018 .6946 .485

2.5 .68 .1 7.0 7.0 .045 .92 90.0
0.0 11.0 5.0
.536653 0.02 .0002 .002 .005 .02
2222
0.0 0.0 5.40000000000000
.0125 .0304 .879686323493225
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.05 .0519 .370509412053975

.1 .06529 .194774312423792

.1499999999999999 .07893 .098052334572903

.249999999999999 .0832 .073397323457582

.299999999999999 '.0863 .050558371596735

.349999999999998 .08826 .0279691901555

.399999999999999 .08912 .006764867781260

.449999999999998 .08912 .006764867781280

.449999999999998 .08896 .013028661280615

.499999999999998 .08782 .032650222658823

.549999999999997 .08568 .053170448084134

.599999999999998 .08247 .075067985004662

.649999999999996 .0723 .132701567406445

.749999999999996 .06476 .169436118476982

.799999999999997 .05533 .207753958685581

.849999999999998 .04899 .245748046780653

.899999999999995 .08078 .282253854191833

.949999999999996 .0159 .310636536452030

.999999999999996 0.0 .321999999999999

0.0 0.0 5.050000000000011

.0125 .03 .992163451845627

.050 .05333 .379092385234589

.1 .06639 .180750933111021

.149999999999999 .07356 .111703882321330

.199999999999999 .07802 .069633537603695

.249999999999999 .0807 .038161967263869

.299999999999999 .08193 .012318593340822

.349999999999998 .08199 .009436340627176

.399999999999999 .08096 .032773230832096

.449999999999998 .07865 .060470736044399

.499999999999998 .0748 .094943824990326

549999999999997 .069 .13875396399439

.599999999999998 .0607 .196040319032322

.649999999999995 .0495 .247084759876374

.699999999999996 .0366 .261620641462178
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.749999999999996 .024 .236432674274866

.799999999999997 .0134 .184648661438304

.849999999999998 .00581 .1163726799718

.899999999999995 .002 .033860618674168

.949999999999996 .0026 .059215154668539

.999999999999996 .00805 .16
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TRANSONIC FLOW PAST AN ADVANCED AIROFOIL

X(UPPER) Y(UPPER) DY/OX(UPPER) X(LOWER) Y(LONER) DY/OX(LOWER)
0.000000000000 3.000000000000 5.400000000000 0.0000000000 0o ,0000000000000 5.050000000000
.012500000000 .C30400000000 .879686323493 .012500000000 .030000000000 .992163451846
.050000000000 .051900000000 .370509412054 .050000000000 .053330000000 .379092385235
.100000000000 .065290000000 .194774312424 .100000000000 .066400000000 .180750933111
.150000000000 .073250000000 .131393338251 .150000000000 .073560000000 .111703882321
.200000000000 .078930000000 .098052334573 .200000000000 .078020000000 .06963353760d.
.250000000000 .083200000000 .073397323458 .250000000000 .080700000000 .038161967264
.300000000000 .086300000000 .050558371597 .300000000000 .081930000000 .012318593341
.350000000000 .088260000000 .027969190156 .350000000000 .082000000000 -. 00 943634062 7
.400000000030 .089120000000 .006764867781 .400000000000 .080960000000 -. 032773230832
.450000000000 .088960000000 -. 013025661281 .450000000000 .078650000000 -. 060470736044
.500000000000 .087820000000 -. 032650222659 .500000000000 .074800000000 -. 094943824990
.550000300000 .085680000000 -. 053170448084 .550000000000 .069000000000 -. 138753963994
.600000000000 .082480000000 -. 075067985005 .600000000000 .060700000000 -. 196040319032
.650030000000 .078110000000 -. 100757611897 .650000000000 .049500000000 -. 247084759876
.700000000000 .072300000000 -. 132701567406 .700000000000 .036600000000 -.261620641&.62
.750000000000 .064760000000 -. 169436118477 .750000000000 .024000000000 -. 236432674275
.800000000000 .055330000000 -. 207753958686 .800000000000 .013400000000 -. 184648661438
.850000000000 .043990000000 -. 245748046781 .850000000000 .005810000000 -. 116372679972
.900000000000 .030780000000 -. 282253854192 .900000000000 .002000000000 -. 033560618674
.950030000000 .015900000000 -. 310636536452 .950000000000 .002600000000 .059215154669

1.000000000000 2.000000000000 -. 322000000000 1.000000000000 .008050000000 .160000000000

MACH NO.= .700000 ALPHA= 1.500000
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UPSTREAM.SOLUTION e

NN = 5, NA = 3

OVOO(I) - 6.0000, XOO - 2.5000, RMT - .6800, COY = .1000. H .0200

YINF(UPPER) * 7.0000, YINFILOWER) = 7.0000

X NO X NO

0.000000 .700000 1.580000 .664379

.060000 .700000 1.640000 .662260

.120000 .699999 1.700000 .660010

.180000 .699991 1.760000 .657632

.240000 .699963 1.820000 .655128

.300000 .699888 1.880000 .652501

.360000 .699720 1.940000 .649753

.420010 .699396 1.955000 .647770

.480000 .698823 1.970000 .644476

.540000 .697881 1.985000 .639939

.600000 .696420 2.000000 .634252

.660000 .694254 2.015000 .627485

.720000 .691164 2.030000 .619631
.780000 .686901 2.045000 .610963

.840000 :681189 2.060000 .599998
*860000 f678913 2.075000 .587490
.920000 .678489 2.090000 .572452
.980000 .677921 2.t05000 .554204

1.040000 .677209 2.120000 .532026

1.100000 .676353 2.135000 .505221
1.160000 .675353 2.150000 .473153
1.220000 .674210 2.160000 .448560

1.280000 .672923 2.175000 .406421
1.340000 .671493 2.180000 .390875

1.400000 .669923 2.195000 .339260

1.460000 .668212 2.201000 .316505

1.520000 .666363 2.207000 .292347

Y N y N
7.000000 .700000 .234647 .730981
3.502907 .701421 .128829 .733025
1.754687 .700521 .076939 .727602

.883280 .704802 .001139 .292347

.451885 .714635

DE - .056000 YSO = .012598

INITIAL VELOCITY PROFILE

UPPER SURFACE LONER SURFACE

Y U V Y U V

7.000000 1.000000 0.000000 7.000000 1.000000 0.000000
3.502907 1.001827 .006582 3.502907 1.001580 .006585

1.754687 1.000620 .010738 1.754687 1.000252 .010738

.883280 1.006074 .018385 .883282 1.005286 .018396

.451885 1.018548 .029913 .451889 1.017053 .029932

.234647 1.037219 .076927 .234635 1.034252 .077056

.128829 1.031526 .152198 .128809 1.027078 .152380

.076939 1.010017 .229310 .076917 1.004665 .229294

.001139 .432725 .032349 -. 001139 .432725 -. 032349
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SOLUTION..•*.#*#.*

XS - .004000

FROM THE UPSTREAM SOLUTION, DE = .056000, YSO = .012598

AIRFOIL COOROINATES

x Y(UPPER) Y(LOWER) X Y(UPPER) Y(LOWER)
0.000000 0t0000O0 0.000000 .015000 .032128 -. 032781

.000600 .003099 -. 002934 .015600 .032605 -. 033348

.001200 .005957 -. 005655 .016200 .033073 -. 033907

.001800 .008587 -. 008172 .016800 .033535 -. 034457

.002400 .010999 -. 010496 .017400 .033989 -. 034998

.003000 .013205 -. 012637 .018000 .034437 -. 035530

.003600 .015218 -. 014605 .018600 .034877 -. 036054
.004290 .017049 -. 016411 .019200 .035311 -. 036570
.004800 .018710 -. 018065 .019800 .035737 -. 037077
.005400 .020212 -. 019577 .020400 .036157 -. 037577
.306000 .021568 -. 0209i8 .021000 .036570 -. 038068
.006690 .022788 -. 022217 .021600 .036977 -. 038552
.007200 .023885 -. 023366 .022200 .037378 -. 039027
.007800 .024871 -. 024415 .022800 .037772 -. 039495
.008400 .025756 -. 0253?3 .023400 .038159 -. 0.39956
.009000 .026554 -. 026251 .024000 .038541 -. 040409
.009600 .027275 -. 027059 .024600 .038917 -. 040855
.010200 .027932 -. 027809 .025200 .039287 -. 041293
.010800 .028536 -. 028509 .025800 .019650 -. 041725
.011403 .029099 -. 029171 .026400 .040001 -. 042150
.012030 .029632 -.029834 .027000 .040361 -. 042567
.012690 .030148 -. 030419 .027600 .040708 -. 042979
.013200 .030654 -. 031023 .028200 .041049 -. 043383
.013800 .031153 -. 031618 .028800 .041385 -. 043781
.014400 .031645 -. 032204 .029400 .041716 -. 044173

STAGNATION STREAMLINE

X Y X Y
-. 052000 -. 027285 -. 018400 -. 02Z703
-. 046400 -. 026175 -. 012800 -. 021328
-. 040800 -. 026346 -. 007200 -. 019735
-. 035200 -. 025681 -. 001600 -. 017905
-. 029600 -. 024863 .004000 -. 015826
-. 024000 -. 023876

YS = .015826 OVOO(F) = 6.018846
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TEST OF CRI TICALITyUee s99ee °

UPPER SURFACE

FROM THE UPSTREAM SOLUTION. MN a 9, OE - .056000

FROM THE STAGNATION SOLUTION, YS = .015826, YSO - .012598

XB MB 18 MS

.0006 .3663 .0033 .6187

.0011 .4120 .0039 .6844

.0017 .4592 .0044 .7661

.0022 .5086 .0050 .9021

.0028 .5612

•e ee ee eet e e ae ZINITIAL SOLUTION e * * 'e ' " " . o e

UPPER SURFACE

NN : 6, XAO : .012500, CYO * 1.564133009 RMC . .920000. HS : .000200

R8UB = .984972 UB : .971579

Xe MS PB DUOX XB Ma PB OUNx

.0138 .6857 1.0127 16.2850 .0305 .9487 .7772 15.8738

.01f2 .6932 1.0061 16.3241 .0308 .9528 .7736 15.837?

.0141 .7007 .9994 16.3604 .0311 .9569 .7700 15.8002

.0152 .7083 .9926 16.3938 .0313 .9609 .7665 15.7613

.0157 .7159 .9858 16,.4243

.0162 .1235 .9789 16.4518 .0362 1.0328 .7049 15.0170

.0166 07312 .9720 16.4763 .0367 1.0409 .6982 14.9235

.0171 .7389 .9651 16.4977 .0373 1.0489 .6915 14.8216

S0176 .7467 .9581 16.5159 .0378 1.0569 .6849 14.7189

.0181 .7544 .9511 16.5310 .0382 1.0622 .6805 14.6504

.0186 .7622 .9441 16.5429 .0388 1.0701 .6740 14.5481

.0191 .7701 .9370 16.5516 .0393 1.0780 .6675 14.4477

.0196 .7779 .9299 16.5570 .0399 1.0859 .6610 14.3513

.0201 .7858 .9228 16.5991 .0403 1.0912 .6568 14.2907

.0206 .7937 .9156 16.5578 .0408 1.0991 .6504 14.2039

.0211 .8017 .9084 16.5532 .0412 1.1043 .6462 14.1639

.0216 .8097 .9012 16.5452 .0418 1.1020 .6480 -3.9720

.0221 .8176 .8940 16.5337 .0423 1&1000 .6496 -3.3607

.0226 .8257 .8868 16.5187 .0429 1.0984 .6509 -2.7361

.0231 .8337 .8796 16.5001 .0434 1.0971 .6520 -2.1054

.0236 .8417 .8723 16.4780 .0440 1.0962 .6527 -1.4765

.0241 .8498 .8651 16.4522 .0446 1.0956 .6532 -. 8675

.0247 .8579 .8578 16.4227 .0451 1.0953 .6534 -. 2568

.0252 .8660 .8505 16.3894 .0457 1.0954 .6534 .31t8

.0257 .8741 .8433 16.3521 .0463 1.0958 .6531 .8593

.0262 .8822 .8360 16.3106 .0468 1.0965 F.525 1.3616

.0267 .8903 .8288 16.2649 .0474 1.0174 .6518 1.8201

.0273 .8984 .8215 16.2144 .0480 1.0985 .6508 2.2314

.0274 .9011 .8191 16.1965 .0485 1.0999 .6497 2.5934

.0277 .9052 .8155 16.19t47 .0491 1.1015 .6485 Z.9053

.0280 .9093 .8119 16.1691 .0497 1.1032 .6471 3.1670

.0282 .9134 .8083 16.1427 .0503 1.1060 .6456 3.3795

.0285 .9174 .8047 16.1153 .0508 1.1070 .644t 3.5442

.0287 .9202 .8023 16.0965 .0514 1.1090 .6424 3.6628

.0289 .9242 .7987 16.0676 .0520 1.1111 .6408 3.7624

.0292 .9283 .7951 16.0378 .0526 1.1132 .6391 3.8555

.0295 .9324 .7915 16.0070 .0531 1.1154 .6373 3.9400

.0297 .9365 .7879 15.9752 .0537 1.1176 .6355 4.0163

.0300 .94 0 .7843 15.9425 .0543 1.1199 .6337 4.0847

.0303 .9446 .7807 15.9087 .0545 1.1207 .6331 4.1058
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.... AIRFOIL SOLUTION * # e94,......f........,.........

UPPER SURFACE

SHOrK tOC. - .485000, BETA - 90.000000, DELS = 0.000000, COOO = 11.000000, HO = .003000

FROM INTIAL CONDITIONS. NN - 6, X(INIT) - .05310V

'"INTERMEDIATE VELOCITY DISTRIBUTION USING LAGRANGIAN FUNCTION..

Y U V Y U V
6.971576 1.000000 0.000000 .856865 1.026044 .017403
3.475218 1.006400 .006529 .426659 1.083837 .183356
1.727478 1.007842 .010959 .051615 1.426226 .463849

x NO PO DUDx OgQ X MO PO OUDx DDQ
.0621 1.1373 .6200 1.1337 -3.7580 .4103 1.3150 .4905 -. 0842 -. 3130
.0711 1.1585 .6035 1.1038 -3.1607 .4253 1.3022 .4991 -. 0895 -. 3103
.0800 1.1817 .5858 1.0809 -2.3741 .4403 1.2890 .5081 -. 0946 -. 3077
.0890 1.2057 .5678 1.0647 -1.4564 .4553 1.2756 .5175 -. 0997 -. 3051
.0980 1.2298 .5501 1.0570 -.4454 .4706 1.2617 .5272 -. 1048 -. 3058
.1106 1.2634 .5260 1.0611 .5477 .4856 1.2475 .5373 -. 109? -. 3073
.1258 1.3004 .5003 1.0742 1.3344 .5156 .8136 .8977 -. 0439 0.0000
.1408 1.3353 .4770 1.0996 2.2770 .5456 .8112 .8998 -. 0527 0.0000
.1558 1.3677 .4561 1.1405 3.4859 .5756 .8069 .9037 -. 0610 0.0000
.1706 1.3972 .4376 1.2001 4.8571 .6056 .8008 .9093 -.0706 0.0000
.1856 1.4237 .4215 1.2865 7.0045 .6361 .7927 .9165 -. 0802 0.0000
.2006 1.4470 .4078 1.4200 10.9717 .6661 .7827 .9256 -. 0905 0.0000
.2156 1.4670 .3963 1.6563 20.0125 .6961 .7708 .9363 -. 101o6 0.0000
.2306 1.4558 .4027 -. 0144 -. 3461 .7261 .7570 .9488 -. 1133 0.0000
.2456 1.4446 .4092 -.0206 -.3391 .7566 .7414 .9629 -.1247 0.0000
.2606 1.4334 .4158 -. 0266 -. 3333 .7866 .7244 .9782 -. 1355 0.0000
.2756 1.4220 .4225 -. 0326 -. 3346 .8166 .7062 .9945 -;1448 0.0000
.2906 1.4106 .4294 -. 0385 -. 3358 .8471 .6871 1.0115 -. 1525 0.0000
.3056 1.3991 .4364 -. 0445 -. 3369 .8771 .6674 1.0290 -. 1585 0.0000
.3203 1.3875 .4436 -. 0503 -. 3269 .9071 .6471 1.0468 -. 1622 0.0000
.3353 1.3758 .4509 -. 0562 -. 3342 .9376 .6266 1.0646 -. 1632 0.0000
.3503 1.3640 .4584 -. 0620 -. 3325 .9676 .6060 1.0823 -. 1603 0.0000
.3653 1.3520 .4661 -. 0677 -. 3289 .9981 .5857 1.0996 -. 1S35 0.0000
.3803 1.3399 .4740 -. 0733 -. 3237 1.0106 .5 90 1.1052 -. 1505 0.000
.3953 1.3276 .4821 -. 0788 -. 3182



NN = 3, H = .020000, RK - 5.00000

FROM UPPER SURFACE INTEGRATION, SHOCK LOC. .4850, BETA 90.0000. CS = 1.0000. CZ = 11.2041

X MO PO Pt x HO PO P1

1.0800 .5775 1.1365 .9936 5.6400 .3328 1.2847 .8840
1.1600 .5759 1.1078 .9932 5.7200 .3275 1.2878 .8790
1.2400 .5742 1.1093 .9927 5.8000 .3224 1.2907 .8739
1.3200 .5724 1.1108 .9922 5.8800 .3175 1.2935 .8688
1.4000 .5704 1.1125 .9918 5.9600 .3127 1.2962 .8636
1.4800 .5683 1.1142 .9913 6.0400 .3080 1.2988 .8584
1.5600 .5662 1.11i6 .9908 6.1200 .3036 1.3012 .8532
1.6400 .5639 1.1179 .9902 6.2000 .2993 1.3035 .8481
1.7200 .5615 1.1198 .9897 6.2800 .2953 1.3056 .8430
1.8000 .5591 1.1219 .9892 6.3600 .2915 1.3077 .8381
1.8800 .5565 1.1240 .9886 6.4400 .2879 1.3095 .8334
1.9600 .5538 1.1262 .9880 6.5200 .2845 1.3113 .8289
2.0400 .5510 1.1285 .9874 6.6000 .2814 1.3129 .8247
2.1200 .5481 1.1308 .9868 6.6800 .2785 1.3143 .8208
2.2000 .5452 1.1333 .9862 6.7600 .2759 1.3157 .81r2
2.2800 .5421 1.1358 .9855 6.8400 .2735 1.3169 .8141
2.3600 .5389 1.1384 .9848 6.9200 .2713 1.3179 .8114
2.4ý00 .5356 1.1411 .9841 7.0000 .2694 1.3189 .8092
2.5200 .5322 1.1438 .9833 7.0800 .2676 1.3197 .8074
2.6000 .5287 1.1466 .9826 7.1600 .2661 1.3205 .8062
2.6800 .5251 1.1495 .9817 7.2400 .2648 1.3211 .8053

2.7600 .5214 1.1525 .980"8 7.3200 .2636 1.3217 .8049
2.8400 .5176 1.1555 .9799 7.4000 .2626 1.3222 .8047
2.9200 .5136 1.1586 .9790 7.4800 .2618 1.3226 a8049
3.0000 .5096 1.1618 .9779 7.5600 .2611 1.3229 .8052
3.0800 .5055 1.1651 .9768 7.6400 .2604 1.3232 .8056
3.1600 .8012 1.1684 .9757 7.7200 .2599 1.3234 .8061
3.2400 .4968 1.1718 .9745 7.8000 .2595 1.3237 .8065
3.3200 .4924 1.17i3 .9732 7.8800 .2591 1.3238 .8069

3.4000 .4878 1.1788 .9718 7.9600 .2588 1.3240 .8071
3.4800 .4831 1.1824 .9703 8.0400 .2585 1.3241 .8072
3.5600 .4783 1.1851 .9688 8.1200 .2582 1.3242 .8071
3.6403 .4733 1.1898 .9671 8.2000 .2580 1.3244 .8069
3.7200 .4683 1.1936 .9654 8.2800 .2578 1.3244 .8064

3.8000 .4632 1.1974 .9635 8.3600 .2577 1.3245 .8057
3.8800 .4580 1.2013 .9616 8.4400 .2575 1.32,6 .8049
3.9600 .4527 1.2052 .9595 8.5200 .2575 1.3246 .8038
4.0400 .4473 1.2031 .9573 8.6000 .2575 1.3246 .8027
4.1200 .4418 1.2131 .9550 8.6800 .2575 1.3246 .8015
4.2000 .4363 1.2171 .9525 8.7600 .2577 1.3245 .8003
4.2800 .4307 1.2211 .9500 8.8400 .2579 1.3244 .7991
4.3600 .4250 1.2251 .9472 8.9200 .2583 1.3249 .7981
4.4400 .4192 1.2291 .9441 9.0000 .2588 r.3240 .7973
4.5200 .4135 1.2331 .9414 9.0800 .2594 1.3237 .7969

4.6000 .4076 1.2371 .9382 9.1600 .2602 1.3233 .7969

4.6800 .4018 1.2411 .9349 9.2400 .2613 1.3228 .79?4
4.7600 .3959 1.2451 .9315 9.3200 .2625 1.3222 .7984
4.8400 .3900 1.2490 .9279 9.4000 .2640 1.3215 .8000

4.9200 .3841 1.2529 .9241 9.4800 .2656 1.3207 .8022
5.0000 .3782 1.2567 .9202 9.5600 .2676 1.3198 .8050

5.0800 .3723 1.2605 .9162 9.6400 .2697 1.3187 s8083
5.1600 .3665 1.2642 .9120 9.7200 .2721 1.3175 .8120
5.2400 .3607 1.2679 .9076 9.8000 .2748 1.3162 .8162
5.3203 .3549 1.2714 .9032 9.8800 .2777 1.3148 .8206
5.4000 .3493 1.2749 .8986 9.9600 .2808 1.3132 .8254
5.4800 .3437 1.2753 .8938 10.0200 .2841 1.3115 .8303
5.5603 .3382 1.2815 .8890
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TETOF CRITICAL ITY"*-******.....#..e..............f
LOWER SURFACE

FROM TH[ UPSTREAM SOLUTION, NN = 9. OF .056000

FROM THF STAGNATION SOLUTION, YS = .015826. SO .012598

X8 MB XB MB
.0055 .1882 .0171 .6167
.0083 .3657 .0200 .6923
.0112 .4681 .0230 .7805
.0141 .5434 .0259 .9460

~~ AIRFOIL SOLUTION
LOWER SURFACE

N8 = 6

XA = .0180, CYO = .6946, CX = .0450, HSO = .0020, HO = .0050

RBUB = .790322 UB = .699485

XB MB PB DUOx x8 MB P8 OUOX
.0185 .4892 1.1777 7.9648 .0328 .5799 1.1045 5.6320
.0200 .5005 1.1690 7.8586 .0345 .5875 1.0981 5.1569
.0215 .5116 1.1602 7.7195 .0362 .5944 1.0923 4.6380
.0231 .5225 1.1516 7.5449 .0380 .6004 1.0871 4.0781

0246 .5331 1.1430 7.3325 .0397 .6056 1.0827 3.4817
.0262 .5434 1.1347 7.0798 .04t15 .6099 1.0791 2.854?7
.0278 .5533 1.1266 6.7849 .0433 .6131 1.0762 2.2047
.0294 .5628 1.1188 6.4460 .0451 .6154 1.0743 1.5407
.0311 .5717 1.1114 6.0618 .0451 .6154 1.0743 J.5407

*--INTERMEDIATE VELOCITY DISTRIBUTION...

Y U V Y U V
7.028424 1.000000 0.000000 .913593 1.025205 .015297
3.532024 1.006643 .006752 .483282 1.072600 .029165
1.784255 1.007989 .011303 .139683 .814474 .354417

X0 mB P8 OUOX XB MB Pa UUlX
.0617 .6247 1.0662 .4506 .5472 .9010 .8192 -. 811
.0770 .6364 1.0561 .3804 .5622 .8901 .8289 -. 4529
.0920 .6495 1.0447 .3211 .5772 .8745 .8426 -. 5309
.1070 .6635 1.0324 .2812 .5920 .8556 .8598 -. 6105
.1220 .6772 1.0203 .2502 .6070 .8332 .8800 -. 6934
.1372 .6903 1.0087 .2202 .6220 .8082 .9026 -. 7619
.1522 .7029 .9974 .1931 .6367 .7820 .9263 -. 8084
.1672 .7151 .9865 .1682 .6517 .7556 .9501 -. 8341
.1822 .7268 .9760 .1443 .6667 .7294 .9737 -. 8415
.1972 .7381 .9659 .1218 .6815 .7039 .9965 -. 8291
.2125 .7491 .9560 .1005 .6965 .6796 1.0182 -. 8006
.2275 .7597 .9464 .0795 .7112 .6567 1.0384 -. 7590
.2425 .7700 .9371 .0586 .7262 .6356 1.0568 -. 7093
.2575 .7799 .9281 .0378 .7412 .6163 1.0735 -. 65?4
.2725 .7895 .9194 .0177 .7560 .5991 1.0883 -. 5900
.287, .7989 .9110 -. 0014 .7710 .5840 1.1011 -. 5264
.3025 .8081 .9027 -. 0194 .7860 .5710 1.1119 -. 4622
.3175 .8172 .894', -. 0365 .8007 .5602 1.1210 -. 3979
.3325 .8262 .8863 -. 0534 .8157 .5514 1.1282 -. 3344
.3475 .8352 .8782 -. 0701 .8307 .5447 1.1336 -. 2697
.362r .8442 .8701 -. 0864 .8457 .5403 1.1372 -. 2043
.3775 .8531 .8621 -. 1029 .8607 .5383 1.1389 -. 1377
.3925 .8619 .8542 -. 1196 .8757 .5389 1.1384 -. 0696
.4075 .8704 .8466 -. 1363 .8905 .5423 1.1356 -. 0002
.4225 .8786 .8393 -. 1533 .9055 .5489 1.1302 .0738
.4375 .8861 .8325 -. 1703 .9205 .5592 1.1218 .1522
.4525 .8929 .8255 -. 1875 .9355 .5738 1.1096 .2365
.4675 .8984 .8215 -. 2050 .9507 .5937 1.0928 .3304
.4825 .9023 .8181 -. 2229 .9657 .6204 1.0700 .4343
.4975 .9041 .8165 -. 2412 .9807 .6560 1.0390 .5534
.5022 .9041 .8165 -. ?474 .9957 .7051 .9955 .6924
.5172 .9079 .8131 -. 2515 1.0020 .7123 .9890 .7440
.5322 .9071 .8139 -. 3137
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AIRFOIL SOLUTION e

UPPER SURFACE

N1C a

SHOCK LOC. a .469060, BETA a 9O.0000o0o DELS - 0.000000, CODOQ 11.000000. NO ..003000

FROM INITIAL CONOITIONS. N" 0 6, X(INIT) - .053100

***INTERNEOIATE VELOCITY DISTRIBUTION USING LAGRANGIAN FUNCTIOM-40

Y U V Y U V
6.971S76 1.000000 0.000000 .686865 1.02604' .017403
3.479218 1.026400 .006r29 .42669 1.083837 *183356
1.727478 1.007842 .0109s9 *051615 1.426226 .463849

X NO PO DUo! DOQ I NO PO OUOX OOQ
.0621 1.1373 .6200 1.133? -3.7560 .4103 1.3150 .4905 -. 0842 -. 3130
S0?11 1.1585 .603S 1.1036 -3.1607 .4253 1.3022 .4991 -. 0895 -. 3103
.0800 1.160? .5858 1.0809 -2.3741 .4403 1.2890 .5081 -. 0946 -. 30??
:88900 1.205? .56?6 1.064? -1.4S64 .4553 1.2756 .5075 -. 099? -. 3051

go880 1.2296 .5501 1.0570 -. 4454 .4706 1.261? .5272 -. 1048 -. 3058
.1108 1.2634 .5260 1.0611 .54?7 .4856 1.24?5 .5373 -. 1097 -. 3073
.1258 1.3004 .5003 1.0742 1.3344 .5156 .8136 .89?? -.0439 0.0000
.1408 1.3353 .4770 1.0996 2.2770 .5456 .8112 .8998 -. 052? 0.0000
.1s58 1.367? .4561 1.1405 3.4859 .5756 .8069 .9037 -. 061? 0.0000
.1706 1.3972 .4376 1.2001 4.8571 .6056 .8008 .9093 -.0736 0.0000
.1856 1.423? .4215 1.2865 7.0045 .6361 .?927 .9165 -. 0802 0.0000
.2006 1.4470 .4078 1.4200 10.9717 .6661 .7827 .9256 -. 0905 0.0000
.2156 1.4670 .3963 1.6563 20.0125 .6961 .7708 .9363 -. 1016 0.0000
.2306 1.45s8 .4027 -. 0144 -. 3461 .7261 .7570 .9488 -. 1133 0.0000
.2496 1.4446 .4092 -. 0206 -. 3391 .?566 .?414 .9F29 -. 124? 0.0000
.2606 1.4334 .4158 -. 0266 -. 3333 .7866 *7244 .9782 -. 1355 0.0000
*2756 1.4220 *4t22 -. 0326 -. 3346 .8166 .7062 79945 -. 1448 0.0000
.2906 1.4106 .4294 -. 0385 -. 3358 .8471 .6871 1.0115 -. 1525 0.0000
.3096 1.3991 .4364 -. 0445 -. 3369 .8771 .6674 1.0290 -. 1585 0.0000
.3203 1.3875 .4436 -. 0503 -. 3269 .9071 .64?1 1.0468 -. 1622 0.0000
.3353 1.3758 .4509 -. 0562 -. 3342 .9376 .6266 1.0646 -. 1632 0.0000
.3503 1.3640 .4584 -. 0620 -. 3325 .9676 .6060 1.0823 -. 1603 0.0000
.36S3 1.3520 .4661 -. 06?7 -. 3289 .9981 .5857 1.0996 -. 1535 0.0000
.3803 1.3399 .4740 -. 0733 -. 3237 1.0106 .5790 1.1052 -. 1505 0.0000
.3953 1.3276 .4821 -. 0?88 -. 3182
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N4 = 3, H = .020000, RK - 5.000000

FROM UPPE7 SURFACE INTEGRATIO4, S4OCK LOC. * .4850, BETA * 90.0000, CS - 1.0000. CZ * 11.2041

X MO PO P1 x MO PO Pi

1.0800 .5775 1.1065 .9936 5.6400 .3328 1.2864 .8840
1.1600 .5759 1.1078 .9932 5.7200 .3275 1.2878 .8730
I.25409 .57?42 1.1093 .9927 5.8000 .3224 1.2907 .8759
1.3200 .5724 1.1108 .9922 5.8800 .3175 1.2935 .8688
1.4000 .5704 1.1125 .9918 5.9600 .3127 1.2962 .8636
1.5800 .5683 1.1142 ,9913 6.0400 .3080 1.2988 .855'

1.5693 .5662 1.1160 .9908 6.1200 .3036 1.3012 .8532
1.6400 .5639 1.117q .9902 6.2000 .2993 1.3035 .8481
1.7200 .5615 1.1198 .9897 6.2800 .2953 1.3056 .8430
1.8001 .5591 1.1219 .9892 6.3600 .2915 1.3077 .8351
1.8800 .5565 1.1240 .9R86 6.4400 .2879 1.3095 .8334
1.9600 .5538 1.1262 .9880 6.5200 .2845 1.3113 .8289
2.00403 .5510 1.1285 .9874 6.6000 .2814 1.3129 .8247
2.1200 .5481 1.1305 .9868 6.6800 .2785 1.3143 .8208
2.2000 .5452 1.1333 .9862 6.7600 .2759 1.3157 .8172
2.2803 .5421 1.1358 .9855 6.8400 .2735 1.3169 .8151
?.3)00 .5389 1.1384 .9848 6.9200 .2713 1.3179 .8114
2.4400 .5356 1.1411 .9841 7.0000 .2695 1.3189 .8012
2.5200 .5322 1.1438 .9833 7.0800 .2676 1.3197 .8074
2.6000 .5287 1.1466 .9826 7.1600 .2661 1.3205 .8052
P.6800 .5251 1.1495 .9817 7.2400 .2648 1.3211 .8053
2.7600 .5214 1.1525 .9808 7.3200 .2636 1.3217 .8049
2.8400 .5176 1.1555 .9799 7.4000 .2626 1.3222 .8047
2.9200 .5136 1.1586 .9790 7.5800 .2618 1.3226 .8049
3.0000 .5096 1.1618 .9779 7.5600 .2611 1.3229 .8052
3.0800 .5055 1.1651 .9768 7.6400 .2604 1.3232 .8056
3.1603 .5012 1.1684 .9757 7.7200 .2599 1.3234 .8061
3.2400 .4968 1.1718 .9745 7.8000 .2595 1.3237 .8065
3.3200 .4924 1.1753 .9732 7.8800 .2591 1.3238 .8069
3.4000 .4878 1.1788 .9718 7.9600 .2588 1.3240 .8071
3.4800 .4831 1.1824 .9703 8.0400 .2585 1.3241 .8072
3.5609 .4783 1.1861 .9688 8.1200 .2582 1.3242 .8071
3.65400 .4733 1.1898 .9671 8.2000 .2580 1.3244 .8069
3.7200 .5683 1,1936 .9r54 8.2800 .2578 1.3254 .8064
3.0030 .4632 1.1974 .9635 8.3600 .2577 1.3245 .8057-
3.8800 .4580 1.2013 .9616 8.4400 .2575 1.3246 .8049
3.9603 .4527 1.20r2 .9595 8.5200 .2575 1.3246 .8058
4.0400 .4473 1.2091 .9573 8.6000 .2575 1.3246 .8027
4.1200 .4418 1.2131 .9550 8.6800 .2575 1.3246 .8015
4.2000 .4363 1.2171 .9i2r 8.7600 .2577 1.3245 .8003
4.2800 .4307 1.2211 .9500 8.8400 .2579 1.3254 .7991
4.3600 .4250 1.2251 .9472 8.9200 .2583 1.3242 .7981
4.4•00 .4192 1.2291 .9444 9.0000 .2588 1.3240 .7973
4.5200 .4135 1.2331 .9414 9.0800 .2594 1.3237 .7969
4.6000 .4076 1.2371 .9382 9.1600 .2602 1.3233 .7969
4.6800 .4018 1.2411 .9349 9.2400 .2613 1.3228 .7974
4.7600 .3959 1.2451 .9315 9.3200 .2625 1.3222 .7984
4.8400 .3900 1.2490 .9279 9.4000 .26403 1.3215 .8000
4.9200 .3841 1.2529 .9241 9.4800 .2656 1.3207 .8022
5.0000 .3782 1.2567 .9202 9.5600 .2676 1.3198 .8050
5.0800 .3723 1.2605 .9162 9.6400 .2697 1.318? .8083
5.1600 .3665 1.2642 .9120 9.7200 .2721 1.3175 .8120
5.2400 .3607 1.2679 .9076 9.8000 .2748 1.3162 .8162
5.3200 .3549 1.2714 .9032 9.8800 .2777 1.3148 .8206
5.4000 .3493 1.2749 .8986 9.9600 .2808 1.3132 .8254
5.4800 .3437 1.2783 .8938 10.0200 .2841 1.3115 .8333
5.5600 .3382 1.2815 .8890
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PARTIAL PRESSURE OISTRIBUTVION

UPPER SURFACE LOWER SURFACE

X PO X PO x PO x PO
*0634?0 .619965 .412470 .490487 .018529 1.177?01 .425090 .839263
.02470 .603469 .427470 .499146 .020009 1.168959 .435090 .832491
.081470 .585753 £442470 .906124 .02151? 1.160234 .450090 .826486
.090470 .567763 .4S5470 .517244 .023051 1.15S17 .46S090 .i21549
.099470 .550092 .472470 .S27171 .024612 1.143043 .480090 .81i876
.112410 .525961 .487470 .537318 .026199 1.134692 .49SO90 .816528
.127470 .500328 .S17470 .697671 .027812 1.126590 .500090 .16563
.1642470 .476999 *S47470 *899811 .02944,9 1.118805 .51s098 * .81384
.157470 .456071 .977470 .903693 .031109 1.111406 .530090 .813869
.102470 .437612 .60?470 .909277 .032792 1.104466 .545091 .419212
*18?470 .421536 .6374?0 .916546 .031#495 1.096058 .560090 .828932
.202470 .40??62 .667470 .925S62 .036219 1.092250 .5?5090 .842644
.217.470 .396282 .697470 .936342 *03?962 1.087110 .590090 .859821
.232470 .402678 .?2?470 .948833 .039721 1.082697 .605090 .879963
.247470 .409169 *?s74?0 .962851 .041497 1.079062 .620090 *902554
.262410 .415782 .7$7470 .978176 .043287 1.076245 .635090 .926279
.277470 .422528 .1714?0 .994468 .045090 1.074271 .650090 .950698
.292470 .429411 .S47470 1.011465 .045090 1.074271 .665090 .9?36?7
.307470 .436435 .87?470 1.028967 .060090 1.066244 .*60090 .996525
.3224?0 .443606 .907470 1.046753 .0?5090 1.056097 .695090 1.1161196.
.337470 .450938 .937470 1.064631 .090090 1.044712 .710090 1.038355
*352470 .458437 .96?470 1.082333 .105090 1.032385 .725090 1.096828
.367470 .466118 .99?470 1.099616 t120090 1.020274 7140090 1.173587
.382470 .474002 1.007470 1.105244 .135090 1.008660 .755090 1.088273
.397470 .482115 .150090 .997403 .770090 1.101875

.165090 .986527 0785090 1.111949

.180090 .976032 .800090 1.120956

.195090 .965859 .815090 1.128216

.210090 .955970 .030090 1.133649

.225090 .946373 .845090 1.137233

.240090 .937082 .860090 1.138864

.255090 .928106 .875090 1.138391

.270090 .919421 .890090 1.135697

.285090 .910968 .905090 1.131228

.300090 .902668 .920090 1.121767

.315090 .894449 .935090 1.109628

.330090 .686292 .950090 1.092826

.3345090 .87883 .965090 1.070024

.360090 .870108 .980090 1.038968

.375090 .862097 .995090 .995450

.390090 .854221 1.000090 .969026

.405090 .846568
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APPENDIX F

MIR SUBROUTINES LISTING

SUPROUTINE IOUPSTW

C THIS SURROUTINE PRINTS THE INPUT PARA94FTERS AND THE CALCULATED
C OUTPUT FOR 5URROuVINE UPSTRM

5 C
CO?*qON/YUVSAVf NNIN~t,NNS-R,NWDWN
1 ,YT(10,2t ,UI(10,2) ,ViC10,?) ,TUV(9,)
COMMON/AINPUTf ATN(?Lt),NN(7) 9H(6)
COMMON/OUTCOM/

10 1 AX(160) ,AQMO(160),AT(t0) ,ARM(10) D!UM1140) ,1I,II?
DOMFNSION ISTAP(5),ITTTLE(?)
DATA (IT~I,=,)5IH*6006
DATA (ITITLF(I),I=i,2Jf10H UPST~rAM ,1CHSnlLUTION ff

51. ,NN(I),NN(2),ATN(l),(AIN(I),I=R,lo),H(l),AINtli),AIN(12)
IF(Hf1).GT.0,001)GO Tr)5
WRITEI6 ,3L4DI
QrTURN

5 CALL UPSTRM
20 IF(IT.EQO.) RETUJRN

THALF =IIf2
J = MOD(Ih,?)
IHALFJ = IHALr'
IF(J.El. 1) IHALFI = IwALc4 1

25 WRITE(6,4001
IF (II.ED. 1) GO Tfl 15
00 10 I=I,IHALF

10 WRTTE(6,300) AXCI) ,AP'D(T) ,AX(T4IHALý1) ,AR'40C1+IHALFI)
IFtJ.NE.1) GO Tn jsý

30 15 WRITE(6,300) Ay(IH0L9'1),ARMD(IHALFl)

IHALr T12/2
J =MOO(IT2,21
THALPI= THAIF

35 Ir(J.E(I.1) IHALFI=IHALF4I

IF(IT2.EO.1) GO TO 2;
00 20 I=1,IHALF

40 IF(J.NE.1) GD TO 28
25 WRTTC(6,300) AY(THALrl),AR"(lHALFA)

00 30 I=1,NNINTT

45 RCTURN

203 rOP~tAT( Hl,4(f) 7X,1?Al0,
1 //f?0Y,4HNN =,I?,SH, NA =,12//29X,9HOVOD(I) =

2 PFP14L,9H, XOOD FQ.4, 9H, RMT F8.4,
3 qH COY = A4,H H = V.L.//20X,13.4VINF(UJPP"R) =FR* 4,

so 4 17H, YINF7(LOWERI =F8.4.)
250 FflpMA¶(/23X,39H*UU* U*##*ItTNTrATION WAS NJT C0M'PLFTED 0
300 FOQtlAT(30X,?C10X,?;FI0.b))
320 V0RPM4T(//47y,4HDE =9ý10.Ei,10X,5HVýO r,Fl0.%*///5?X,25H INITIAL VELO

1ICTT PRFL/~X1HPý SURFACE,2?',13HLOWER SURFACE/f17X,
55 2?( 19X,1HY ,qX,IHU,qX,1HV))

330 FORPAT( 20X,2( 10X,3P13.6))
340 POR"AT(/'/20X,?0H*** w*Sý STZý T-10 S1ALL)
402 eDP~aT(//?7X,-ý(18X,IHX, 9X,?H-D) )

60 END
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sUBPOUTINE UPSTRM

C THIS SUBROUTINE CALCULATES THE UPSTREAM F~LOW CONDITIONS

C COMMON C ,CK ,RS FH4 ALPHA
5 oW4"ON/ACOMfX ,XA ,VN ,VS f'4

I ovaO APO 9RO ,UO ,VO IRMO ,OUC

COMMONfOCOMI XO ,ovofl ,L

to COiq1ON/SCOM/UOSAV ,ROSAV ,XSAV nfVOOF qxsTG(li),YSTG(1I)

i ,DUMt22),XAF(501,YAI(5O,
2 1

COMI4ONIAINPUTI OVODI #DDOUP(6),XOO ,R'1 ,coy

1 ,'tU ,YL fE9UM(?),flE ,tSO ,YS ,FOUM(2)

2 ,NNI ,NA ,NOUHIS),HDWN ,HOUMq(5)'

ý15 COMMONfOUTCOMf
I AX(i6g) ,ARMD(160),AYtl0) ,AQJ~qiQ) ,CDUM(14.0) ,II,NNO

COHMONfYUVSAVI NNINIT,NNSPR,NNOWN
I ,tiQ.,2),UIiiO,2) ,VT(1092) ,YUV(96)

DIMENSION Xr)FY6)MO6,I2,22,I2,AU2Av2,

20 1 A2V(2)
C
C INITIALIZE INPUT

G(AL), Al, A2, Z) AO +41Al7 + ft2*Z*7
NVERM =3

25 CSO =FM-.00
CSI =CSO-0.2
NN =NNI
OVOC = OVOOI
H =HOWN

30 V11,11 = YU
T(2,11 YL
II 0
NNO 0

Rl; = (if?*C)+101.

XO = 0.0

C INITIALIZE crLOW TO FREESTREAM CONDITIONS

4.0 00 10 J~l,2
90 5 N 2, NH
Y(J,N) Y TJVN-l)*0.5

=tN 1.
P(JN) 1.

4.5 IJN) 1.
V(J,N) =0.

PM(J,N) FM
5 OIU(JN) C.0

RM0J,11 CMr

50 U(J'l) 1.0
10 WOJ,1) .

RO 1.

55 UO0 1.

55 VS 1.

V1 =0.
RHO = rM

F10 IT =1141
AX(TI)=X
ARmc(II)= M

OVA =0.0

65 00 26 <=1,100
01 24 hKK1,NTF94

PEQrPOm A cLOW INTFGRATTON STEP USING SUPROUTINE 
OTST
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0

PS 00 22 JmI92
CALL OUNSUISGN,J)
00 21 N a 3, NN

21 CALL INAS(!SGN,J,N,ll
22ISGN * -1

75 IFIK.LE.3) GO TO ?3
CALL OISTt-I,1,NN,DYA,OUA,OVAl

Z3 CALL 9IST(1,2,NNtq0V,rlVS,0VO)

as VS VS e. H*DVS
'JO TO + Hv(OVD - OIVA)
IF(VS.LT. 'JO)RETURN

UO SQRT(VS**2 - VO"?)1
'VO TO 4H*OTO

85RO ((C -VS*02 )1CC -1.925
PO R0961.4

RM VS*SORT(POf(1.i.'CK9PJ))

IF(RPCO.LE.RMT) GO TO 25
90 C

24t CONTINUE
C CALCULATE CERTAIN FACTORS USED IN DETERMINING ROUB

25 11 =1I41
AXEXI) = X

95 AO14O(II) =RMO
C

IF qRMO *LE. RM4T) GO TO 2?

26 CONTINUE

C

165 C 1EPENCING ON DYO (THE SLOPE OF THr STAGNATIDN STREAMLINE) PERFORM
C A FLOW INTErPATION STEP USING SUqRDUTTNr STMR OR LUMR

IF COTO .GE. COY .OR. DY rGE. COY) GO TO 35
DOD 3' K 1, It

C

Ito 00 31 KK=1,NTER"
C
C PERFORM A FLOW INTrGRATION STEP USING LUMR

ISGN = I

DO 70 J=1,2
11s CALL OUNS(ISGNJ)

00 29~ N =3, NN
29 CALL INAS(ISGN,J,N,1)
30 ISGN =-1

CALL LUMRt-1,1 ,NN,OYA ,OUA,r)VA)
120 CALL LUMt4Rr12,NN,OYOOVS,DVO)

C

VS W S + H*JVS
VO =VO + H*(OVO - VA)

125 UO SORT(VS"? - VO**?)
YO Y O 4H'D'VO

DO t(CC VS''2 )/(r

RMO VS*30RT(Rl/(1.'4'CK*POl)
130

IF IRMO *LE. CSO) Go To 42

IF(OTO.GE.COY) '0 TO 32

135 31 CONTINUE

3? TI =1T41
AXrI!)=x
ARm(NII) RMI
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IF 10Y0 .GE. CMY GO TO 35

Sib CONTINUE

131 3T = ATAN(VOfUOl

00 4.0 K 1,"
00 18 IKK=I,NTER'4

C PERFORM A FLOW INTEGRATION STEP USING StMR

00 37 J~i,2
CALL OUNS(ISGN,J)
00 !6 N =3, NN

16 CALL INAS(ISGN,J,N,1)
1I?3 ISGN =-1

CALL STM~tNN,T,OY,DVS)
C
C
C IF RMO (MACH4 NUMPER AT THE STAýNATION STREAMLINE) IS CONSIOSRABLY

160 C LESSFNED, SAVE FLOW PARAMETERS AT THIS STEP
IF £RMO.LE CS')) GO T) 42

$I CONTINUE
IT = 11.1

165 AxtIl) =x
AqMC(II)= M

IF(X.GE.?..OR.X.LTr.0. .OR.OVS.GE-.0. M RETURN
40 CONTINUE

170 RETUR~N

42 IT = 1141
AXUIT) = X
APMO(II) = RMO

075C
IP(CSI.LT.CSO) GO Tr) 43

C SAVE FLOW PROPERTIES AT THIS STrD
I I +

ISO 8XII) X
3YOMI YO

IF QI EO. 3) H = 0.002
CSO = C50 - 0. 05

165 IF(T-4) 29,60,60
C
C CSi IF LESS THAN CSO FOP TH-4 FIPST PASS THROUSH THC7 LOOP, SO
C STATEMCNT 41 IS FXECUTCEO ONLY ONf0P

43 00 44 J=1,2
1qo Yl(J) = (J,NN)-YC

Y?(J) = Y(J,NN-l)-Y0
CALL A1SU-(Yl(J) ,U(J) ,UO,U(J,NN) ,U(J,NN-1) ,AIU(J))
CALL A2SUn(YI(J) ,T?(J),UO,U(J,NN) ,'J(J,NN-i) ,A?U!IJ))
CALL AISU3U1l(J) ,y2(J) ,VOV(J,N4N) ,V(J,NN-1) ,AIV(JHI

195 CALL A2SUI(Yl(J) ,y2(J) ,VO,VCJ,NN) ,V(J,NN-1) ,A'V(J))

44VO =-TO)

C
c A0O NA STRPIS TO THE FLOW INTEGOATION PROCESS AT THIS POINT

200 Ni NN + 1
NN =NN + NA
00l 47 J=1,2
00 46 N Ni, NN
Y(J,N) (Y(J,N-1)-YO)/?.+YO

205 UtJ,N) = GUO,AIUUj),A2U(fl,Y(J,N)-Tr
V(J,N) 3(VO,A1V(J),AVtJ),Y(J,N)-YO)
V'zC =U(J,N)*U(J,N)4V(J,N)*V(J,tN)
'R(J,N)=
P(J,N) I ,)*.
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f1i 46 RM(JN) x SQRT(VSQOR(JN)/CI.OOCK*P(JN)))
VO a -"O

kyT O x "YO

C
H - HIS.

215 IF IH *LT. 0.005) H = 0.005
CSO = CSI
GO T028

C
C SAVE THE Y STATIONS AND THE MACH NUMqERS AT THF FINAL INTEGRATION

220 C STEP

60 00 El J= ,NN
AY(J) Y(19J)

61 ARM(J) RM(1,J)
NNO = NNGi

225 AY(NNO) YO
ARM(NNO) RMO
XO= X

c
C EXTRAPOLATE RMO TO A VALUE OF ZrRO USING THE OUTPUT OF THE FOUR

230 C PREVIOUSLY COMPUTED STEPS
DO 63 K = 1, 200
X = X + 0.0005
CALL LGRNGN(SMO(i) ,AMO(2) ,CMO() ,9MO(4)9

tlX(1),9X(2),BX(3) ,BX(I-),X•,RMO)

235 IF(RMO.LE.O.0) GO TO 64
63 CONTINUE

C
C DE IS THE CALCULATED VALUE FROM THE LAST INTEGRATION STEP TO THE
C STAGNATION POINT

240 64 DE = X - XO
C
C EXTRAPOLATE SO FROM TH" OUTPUT OF FOUR PREVIOUSLY COMPUTEO STEPS
C AND THE CALCULATED VALUE OF X

CALL LGRNGN(B'fO(I),BYO(21,BYO(3), aYn(L•,
245 tAXfi),8,X(2),9X(3),BX(L) ,X,YSO)

UOSAV = UO
ROSAW = RO
XSAV = XO
XSTG(1) = -DE

250 XSTAG = XO
YSTG(1) YO
OXSTAG =EfilO.

C
C CALCULATE TEN COORDINATES ALONG THE STAGNATION STREAMLINE

255 00 TO I=2,11
XSTAG = XSTAG4ODXSTAG
CALL LGRNGN(YO(1) ,9YO(2) ,rYO( ) ,3¶O(4) ,BX() 1 ,BX (2) ,BX(3) ,BX(4),

1XSTAGYSTG(I))
70 X'zTG(I) = XSTG(I-1) *DXSTAG

260 C
C CALCULATE FIFTY POINTS ALONG THE FIST 3 PER CENT OF THE AIRFOIL
C NOSE

DO 76 J=1,2
XAF(1) = 0.

265 YAF(IJ) = 0.
00 75 I=2,50
XAF(I) = XAF(I-1) +.0016
CALL ARFL(XAF(1),ADUM,YAF(IJ), 9DUMCOUMJ)
TFtJ.EO.2) YAF(I,2) = -YAF(I,?)

270 75 CONTINUE
76 CONTINUE

C
C SAVE CUTPUT FLOW PARAMETERS Or THIS SU9ROUTINE

DO FoJ=0
275 D0 78 I=INN

YI(IJ) = Y(JI)
UI(1,J) = U(J,I)

73 VT(I,J) = V(J,I)

NNINIT =NNO
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261 VIINNCJ) = T
UI(NN0,JI UO
WI(NNOJI = T

$o vo = -WO
2815 C

RETURN
END
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SUBROUTINE IOSTSNA
C
C THIS SUBROUTINE P2INTS THE INPJT PARAMETERS ANJ THE CALCJLATED
C OUTPUT FOR SU3ROUTINE STAGNA

5 C
COM4"ONfECON/OLJ?(2E),XSTA',(11),YGýTAG(I1),X0iFL(50),YARFL(50,2)
COMPMONtAINPUTf AIN(24dN'1?) ,-4(EP
OI(MlNSION ISTAR(5) ,ITITLE (2)
DATA (SA()I1S/'O~''~

10 DATA (ITIrrLýcI),1=,2)/IOHSrGNATTON,IOH SOLJTION*/

W-&ITE(6, 213) A IN (?2)
WRITr(6,220) AIN(20O),AIN(21)
CALL STAGNA

15 WRITE(6,410)
DO 10 Ir1,?5,

10 YAITFL(1.25,) , AR K. (0+2,

WR ITt( , 4 30)

20 DO 20 I=1,5
20 WRITE(o,420) XSTAG(I),YSTAC,(I),XSTAG(1T+6),VSTA.,(16))

WRITE(r5,420) XSTAF(6),YSTA,(6)
WýITE(6,370) AIN(22),DUM(4)
RETURN

25 203 0 OR1AAT(lHl,4(/)7X,12Al0)
210 FORMAT(//?0X,L.HXS =,FI.2..,)
220 FORMAT(/23X,34HFýCM TH-E UPST-ý5aM SOLUTION, hi ,FII.b,

I 9H. Y1ý0 F1G.6)
313 FORM1AT(/ 'tX,'.HYS =,Fl0.6,10X,9HOV00(F) =,F13.b)

30 40J FDRtAAT(13X,2(10X,lF1?.6))
41U FO9(MAT(#//57X, 19HAIRFOIL C0OZClINATE51//13X,2 (16K, OHX,7X, 8HY(UPPtl

1 4X,8-4Y(LONE-0)))
4ýO FORMAT( ?5X,2(10x,?FI?.;3))
43 0 PORt'AT(/f/56X,21HSTAýNATICN 5T-RE-A INE-//21X,ý(elX,IHX ,11X,1HT))

35 c-NO
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SUBROUTINE STAGNA
C
C THIS SUBROUTINE CALCULATES THE STAGNATION STREAMLINE GEOMETRY AND
C CERTAIN AIRFOIL COORDINATES
C

COMMON C ,CK IRS ,FM ,ALPHA
COMMON/BCOM/ XO ,OVoo 9L
COMMONIECOMIUO ,RO ,X ,DVOOF ,XIN(i1)$YIN(111

I ,XOU(1i) ,YOUfIII)XAF(50) TAF(50,2)
10 COM"ON/AINPUTI OVOOI ,XS ,OUM(it71DE ,TSO

j ,TS ,DDUM(2)tNOUM(?),HDUM(6)
C
C COMPUTE OVOOF FOR SELECTED STAGNATION POINT

CALL ARFL(XS ,AOUMYS,DYS,30YSZ)
15 RA :1.1 AaS(3ODSfh(I.ov**S2)f1.5)

OWOOF = (2.,DE.2./(OE4RA)-i./RA)vUO/
I (RSfRO4(XI(X+DE)I'Lv(I.uKEIQA))

C
C ADJUST COORDINATES FOR AIRFOIL NOSE AND STAGNATION STREAMLINE

20 C GEOMETRY TO ONE CARTESIAN FRAME
DO 20 1=1911
XOU4lI = XIN(I)+XS

20 TOU(I) = YIN(I)-YS-YSO
RETURN

25 END
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SU~RDUTINE 101 URCT

C THIS SU3ROUTINE PRINTS THF INPUT PARA~4cTEQS ANO THr CALCULA7TE)

c OUTPUT FOR ;U'3ROUTINE LWQCRIT7

C COMMONIAINPUT/ AIN(Th),NNI1Ml ,HT(6)

COMM4pON/,UVSAV/N~n,NN?,Ný1,¶UVUl()
COMM4ON/OUTC04fITIT

10 OIMFNSTON ITtAR(5),ITITL-('.)
DATA ITRU II5

DAT8 (ITITLcE(1) 91=I,4)rTTS flgHcF r)PR,10HITICALITY',1CH LOW4E-' S,

1 10HURFACE

iS I (ITITLE(I),T=
3
,'41

WOI¶E(6,,230) NN),AIN( ?C)

CALL LwRr:ýIT

20 IHALF Ilf2

IHALcl THALF

IF(J.Er).il IHAL'71 = THALP+1
WRITF(6,400)

25 IP(II.EO.I) GO TO '.5
00 L.0 I=I,IHALF

IF(J.NE.I) Go T)4

4,5 WRIýC(6, 330) AXl( IHALA1) , 0A(1(HALF1I

30 46~ RETURN
2U0 F7OPPATt 1HI,'.!/) ,7X,1?alO/57X,2Irj/)

2ZO cRýT(/?OX,31,H rROM TH7 UE)STREA? SOLUTION, NN =,12, 8H, ~E=

230 FORVA T(/23X03ýHFROM TWE STA,4ATI~n SOLUTtON, Y, =,C10.b,

35 1 9p Y(So =,Flo.6)
300 FOR-tr('90)(~,2(1 0)(,?FlO *.)-1

EN!)
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SU"~OUTINE LWRCRIT

C THIS SUBROUTINE CALCULATrS MACH NUMBER FOR 
A SELECTED NUMBER OF

c POINTS ON THE LOWER SURFACE

COMM9ON C rCK ,Rtc or" ,ALPHA

C O""ON/ AC O~fX ,)a ON ov ,H ,OY

T ,O ,PO RoC ,Ul ,VC ,RMO ,OUn

2 ,Y12,iD),Pt29tC)tR(2tiD) ,U(2,10) ,V(2,13) ,RM(2,101,OU(
2 ,101

10 ow"4NIA!NPUT/ OVOOI #XAS ,D~flU4?),oE ,YSO

CO"MflON/YUVSAV/ NNO,NNSPRNNOWN
I TY(iII?) ,Ul(iQ,2) ,VIio,'Y),YUV(96)

COM"ONI OUTCOMI~

15 ~ . AXB(1601 tARM9(160) ,ODUMI(i10) #11 11!2

OfAO, Al, A2, Z) =AC 4 AIVZ + A2Z*ZZ

C
C INITIALIZE INPUT

CYO = OU ('4)

20 130 10 N=2,NNO
Vt2,N) = YI(N,?I+YSI+YS
U(2,N3 UI(N,22
Vt2,N) zVI(4,2)

10 R(2,N) = ((C-U(2 ,N)OU(2,N)-V(?,N)IVC2,N)) ,(C-I1.))02.5

25 C
C CALCULATE FACTORS USEO IN IETERMINING DIUR

Yi = (2 ,4NO-I-S-YSO-YI(NNO,2)
Y2 = (2,NNO-2)-YS-YSC-I(NNO,

2 )
CALL IUY,2,2,N)U2NOi,(,N2)A)

30 CALL AS~~,?UNOo(9N-)U2'N-)AU
CALL AiSUI(Yl,Y2,V(2,NNO),V(2,NN'ý1I),V(2,NNC-

2),AIV)

CALL A2 SUg(YI,v2,V(2,NN0),V(2,NNO-1),V(2,NNO-
2
),A2V)

80 U(2,NNC)OR(2,NNO)
91 U(2,NN-1)*R(2,NNO-1)

35 82 Ut2,NNO-?l*R(2,NNOC?)
CALL AISUl(ylY2,nO,ql, 82, A1ý)

CALL A2SU9(YI , y?t,B0,1,82, A2C)

CALL ARFL EXAS, XBS, YS, 0 YqS, OOYgS,2)
085 (BE pX4S)OSQRT(l. + DY~l3*2)/0Y9S

'40 YOS = (Or' + V8Sl/O'!S - YSO - ,I(NJNO,2)
OO= (U(2,NNC)fAjUtA2U,Y0S)

VO = D(V(2,NNC)lAIV,A2VYOS)
VRO UO*UO *.VO'VO
Tc'((C-VSQI.LE.01 RETUDN

4.5 RO=
VS = (UO A*VO*DY8SS/SORT(i. .0VRSW*2)
CLA= 085 *RC'VSf2.

CP=8OwYOS + AIC*YDS5'2/2. + AC*YnSS'3/3.

50 BY= .003
4.0 XA =0.

DO 80 I 1,20

55 C
C DETFRt'INE ROU9 FOR THIS XA

XA z XA*DX

CALL ARFL IXA, X9, Y9, 018, 00yg?)

Yo0 (CE +~ X9)/!OYB 4

60 10 =Y0-YSO-Yq-YI(NNO,2)
C
C LET Y2 = (2,NNO-4)

J=3
Yi. = (2,NNO-J)-YSYSO-I(Nl4O,

2 )

65 Y2 = Y(2,NNO-J_ )-YS-YSO-YI(NNO,2)
CALL. aiSUR~(Yl,Y,U( 2 ,NNO),U(2,NNO-J),U(2,NNO-J±I)A±U)

CALL A2SU4(Y1,'!2,U(',NNO) ,U (2,ýJNO-J) ,U(2,NNO-J-1) ,A2U)

CALL AISUI(Y1,Y2,V(2,NNO) ,V (2,NINO-J) 
,V(C2,NNO-J-1) ,AIY)

CALL. A2 SU 8IYl,y2 ,VC 2 ,NNO),V(2,NNO-J),V(2,NNO-J-),A2\v)
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@ I. Ut2,NNO-J)*R(2,NNO-J)
92 Ut2,NNO-J1I)*(2,NNO-J-)
CALL AISUM(YjT2,9O,§1,92,AIC)
CALL A2SRqy1,2,8O,981,2vAMC

5" uO = CU(2,NNO) , AlUqA2U,YO)

75 zO a(V(2,NNOI , AiYA2V,YfJ)

CT = I.S2RT(I. + OYB*62)
ST =!ToC

1 4v(DIE * 4 1S

00 vS =UOOCT l wOsT
CL = 8O*Vl AiC*YO*02/2. + A2C*YO'03/3. *CIA -L

as C

UBS =0.1

C USING NEWTON RAPHSONG MFTHOO ITERATE ON UP UNTIL RUP R9UBP

94 UB=0.l
00 EG K=1i,09
Ru1P = r*l*.-9*.
IF(A93S(RUP-R8UE8).LT..0OOO0i) GO TO 70

ORUPDU = 0.4*CIU9*w0.6-2.4wU9**1.L4

95 119 = Ul(RBUqP-RUP~fORUPlU
IF(UR.LT.O.) UB'SUBS*.05
IF(UR.LT.O.) U=U'PS
IF(UrIS.GT.1.) GO TO 80

60 CONTINUE

100 C .IF(I.GT.4~.OP.OX.Ll.0-0004) GO TO 90
OX= .0001

GO TO 4.0
C

105 70 R93 ((C - U91*21fHr -. )*-
P9 q*.

C
C CALCLYLATE RM9 FOR THIS Ul

110 c

AIT = II)l

AXB(II) =X9

C

I15 50 CONTINUE
C

90 RrTURN
END
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SUBSOUTINE IOL.WRIN(ICRItLl
C
C THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
C OUTPUT FROM SUBROUTINE LURINIT

5 c
COM4MON/AINPUT/ AINE28s),NNiI?) 9HI(b)
CO"MONfVUVSAV/ NNINITNNSPRNNDWNVUVCISB)
CO~4MONfOUTCOMf
I AXAIIBO) ,ARMO(160)PADU(160) ,I ,112

iI CO1*IONOCOMPRSFXX(160,2),PP(16O,2),NP(2I
CONI4ON/RBUBCM/RSUB ,lUBINIT ,IRBUS
DIMENSION ISTAR(S) ,ITITLE('.)
DATA (ISTARCI),li:15lV5s1OHWSS6*00'e/
DATA lITITLE(I),I~i,a.)110Hf AIRFOIL giOHSOLUTION -,10H LOWER S,

t5 1 OICHURFACE I
J=2
WRITE(6,2001 (ISTAR(ISI:1,5) ,(ITITLE( I),I=192) ,(ISTAR( I) ,I~15) ,

I (ITITLE(I)#I=3,4l
WRITE6,2ZIC NNI(4),AIN(5),AIN(6),AINti3),HI(3),HI(L,)

20 14 = (I.O-AIN(i31)HIW4+AIN(13)-AINcsII/II3)
NNiII) =0
IF(M.LT.470.OR.ICRIT.EQ.2.OR.NNINIr.GE.NNI(4)) GO TO 4
IF CICRIT.NE.21 WRITE(6,3601
IF(M.GT.'e?0) bdRITE(6,370)

25 IF(NNINIT .LT.NNI(4)) WRITE(6,360)
RETURN

4. CALL LWRINIT(ICRIT)
IF(IRBUB.EQ.01 WRITE(69330) RBUB,UBINIT
IFEIRBUB.EQ.il WRITE(6,350) RBUB

30 IF(IRSUB.EQ.21 WRITE(6,3'.0) RBUB
IF(II.EQ.0) RETURN
IHALF =1112
K =MOO(II,21
IHALFi= IHALF

35 IF(K.EQ.1) IHALFI IHALFG1
WRITE(6,4.00b
IF(II.EQ.1) GO TO 15
00 10 I=I,IHALF

13 WRITEC6,3001 AXA(I),ARMO(I),PP(IJ),AOUUI),AXA(I+IHALFI),
40 1 ARMO(I*IHALFI),PR(I+IHALF1,J),AOU(I4Ir4ALFj)

IF(K.NE.i) GO TO 18
15 WRITE(6,3001 AXAIIHALF1),ARMO(IHALF1),PP(I-lALF1,J),ADU(1I.LFI)
18 IF(NN1I?) *EQ.01 GO TO 28

CALL INV;-LOC(LgJ)
45 CALL SUSCRT2(J)

NN17PI NNi(?)+l
113 =It-NN1(7)
IF(I13.LE.0) GO TO 28
IHALF =II3f2

50 IMIOL = IHALF4NNiK71
K =MOO(1I3,2)
IHALFi IHALF
IF(K.EQ.1) IHALFI = IHALP+1
WRIIE16,L.001

55 IFC113.EQ.1) GO TO 25
00 20 I=NNi?Pl,IMIOL

20 WRITE(16,300) AXA(I) ,ARMO(I) ,PP(I,J) ,AO)U(I) ,AXA(I+IHALF1),
I ARMO(I+IHALFI),PP(IoIHALFIJ),ADU(I+IHAL~1)
IF(K.NE.1) GO TO 28

60 25 WRITE(6,300) AXA(IMIOL*1),AtMO(IMIDL+1),~PPIMIOL,1,J),AOU(IMI0L.1)
28 IF(113.EQ.ib WRITE(6,260)

RETURN
200 FORMAT CL(/),?X,12A10/57X, 2AI3)
21'0 FORMIAT( //20XL4HNB =#12//2OX9L4 HXA =,FB.4,gH# CYD

65 1 F8.4i, SH, CX =F8.4, 9H, HSO =,F8.4, 8H, HO F6.4+)
260 FORMATr/20X,3qHs

9
4*w
5

0sseINTEGRATION WAS NOT COMPLETED
300 FORtiATC10X,2(l0X,'.Fl0.id p
310 FOR?¶AT( 20K, 4Al0, OX,'F10.'.)
320 FORf'AT(20X,+F10.., lOX,4.Al0)
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To 330 FORMATI/ '.7'(6HRBuB =,FIO.bIOX,'.NUB x,FIO.t))

3'.0 FORMqAT(/ 3q)X,6HR9UB =,FlO.6,'.Olf4*v*FLOW '.0NDI1IONS CANNOT BE MAT

ICHED I

350 FORt4AT(1159X,6HROUB =,FiO.6)
360 FOMA U9X82H .wv*''*SUPERCRITICAL FLOW IS NOT PERMITTED ON L

?5 IOWER SURFACE 1
370 QFORMAT(f/20XqH****U'P**STEP SIZE TOO SMALL

380 FORt4AT(//20X,'.9H *...**#INSUFFICIE-NT NUJMBER OF STRIPS AVAILABLEI

'.00 FORNAT(/IIOX,2(iVX,2HXB,8X, 2HMB,8X, 2HPBSr,TX,.'UOX))
END
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SUBROUTINE LWRINIT(TCRTT)
C
C THIS5 SUBROUTINE CALCULATES THE INITIAL COND0ITIONS USED IN THE

C LOWER SURFACE

COMON C ,CK IRS ,FM ,ALPHA
COM"DNIACOMIX ,XA ,VN ,VS ,H ,DY

1 TYo PO ,RO gUo ,VO ,RMO ,DUO

2 Vy(2910)PP(2,10),R(2,iC),U(2,101,V(2,10),RM(2,tG0,DU(2,10)
to COtPMONICC0P9/Xg ,Ya ,Dye ,OYB ,OU9 log

Ca?"ON19COMICS ,CZ ,'3vi ,i ,DOI IRK

i ,VOO ,ISKIP
C014,4N/AINPUT/ OVODI %~AS BOOUM(2) ,XAI ,C3'D

I5 1 CoUmtb),CxI 33DUMM6,UE ,YSO ,ys 9EDU'~(2)

2 ,NNI(3) ,NNLWR ,NN2(3) ,Hi(?) ,HSO ,H2(3)
CO""ONIYUVSAV/ NNO,NNSPR,NNflUN

I ,YI(iO,21,UlICO,2) ,VI(10,2) ,YUV(96)
COPM"ONfCOMNNFNN

20 COMN~ONMUR9UCMRSUS ,UBINTT ,IRBU9
COMMON/OUTCO'4/AOUM(480) ,II 9112

OCAO, A1, A2, ZO = AD + A1'Z +4 20Z67

C
C INITIALIZE INPUT

25 OCX =.004

II =0

NNit?) z0
IF((XAI-CXI + 3.*OCX).GT.O0.') RETURN

30 NN NNLWR
YA XAI
X -OsE
MS HSO
00 45 N 1 , NND

35 Y(2,N) =YI(N,2)+YSD4YS
U12,N) =UI(N,2)
V(2,N) =VI(N,2)
V50 = U(2,N) *U(2,N) 4V(2,N)*Vt2,N)
R(2,Nl = ((C-VSQ)f(C-1.))*02.'3

4.0 P(2,N) = R204.
'45 R'M(2,Nl = SORT(VSD'R(2,N)/(1.6'CI('P(2,N)I)

C
C CALCULATE FACTORS USED IN OFTEIMINING QBUB

YI = (2,NND-j1-YS-YSO-YI(NNO,2)

4.5 Y2 = Y(29NN0-?2)YS-YSD-YT(NN0,2)
CALL AiSUR(Yt,T.?,IJ(2,NND),VU(?,NN0.-l),U(2,NND-2),AJUI
CALL A2SU'3(YI,Y2,U(2,NNO),U(2,NND-1),U(2,NND-2),A2U)
CALL A±SU'3(Y1,Y2,V(2,NNDI,VI2,NND-I),V(2,NNO-2),AIV)
CALL A2SU'3(Yi,V?,V(2,NND3 ,V(2,NND-1) ,V C2,NND0-2) ,A2VI

so 80 =U(2,NNO)*R(?,NND)
B1 = U(2,NND-l)*Q(2,NND-1)
'32 = U(2,NNO-2)WR12,NNO-?)
CALL AlSU3(Yl, Y2, mC,91, 02, Ai!)

CALL ASU'(Yl ,Y2,00, 81,'92, 2C)

55 CALL ARCL (XAI;, XRý, YS, DYq3 , OriVOS,?)
ORS (DE * XqS)*!z0RT(i. +OY3Sv*2)fDY8S

YOS (OCE+X'3S)/Dy
t
'S-YSD-YI(NNO,2)

UO !31U(2,NND),AIU,A?U,YD)S)
VO = (V(?,NND),AlV,A?VYOS)

60 RD = ((C - UD''' - Vvo"2IV~r -1.)v5

VI; CUD 4VO*DY8S)VSDRT(t. 4flVBS*?)

CLA= DIS *RD'VSf2.
Ct)P = 3D'YDS + AIC*Y'JS**2/2. + A2C*IrS**#3/3.

CALL ARFL WX, X8, Y93, DY'3, OD!YO,71

695 YO = (OE + XB)/7yo + YS3
YO= YO-VSD-'!S-YI(NND,2l

C FIND A VALU= FOR T2 SUCH THAT Y!P Vz L-SS THAN Y2
J= 0

117



Yj = Yt2,NNO-J)-YS-VSO-YrI(NNO,2)
Y2 a (2,NNO-J-lI-YS-'YSO-YI(4NO,21

C
75C CALCULATE RSUS

52 IF(J.EQ.il GO TO 54,
CALL A1SUS3(Yiy2,U(2,NNO),U(2,NNO-J),U(2,NNO-J-1I,AIU)
CALL A2SUS(YI,12,U(2,NNO),U(2,NNO-J),Ut2,4NO-J-1IA2Ui
CALL AiSU9IYIT2,V(2,NNO),V(2,NNO-J),V(2,NNO-J-1),A1VI

so CALL A2UliytN)V2NOJ,(,N--)AV
81 U(2pNNO-Jl*R(2,NNO-.J)
02 U12,NNO-J-il*R(2,NNO-J-11

CALL AISU9(YI,Y2,POB1,02, AiC)
CALL A2SU~fYI,Y2,B0,Bi,R2,A2C)

65 C
C CALCULATE RSUR

5'. UD D(U(2,NNO),AIU,A2U,yD)
WO D(W(29NNO)gAIV,A2V,Tfl~

((CW - UO##2 - VO"*21flC -1.6'5

90 CT 1.ISQRr(I. +OYR**21
ST OTvSCT

RA APS(I./(CT"l3wD0YB))
DO (13E + XB)fST
VS UO*CT * VOwqT

95 VN =-UO*ST +VOOCT
CALL ARFL(XA+HS*CTX3T, YBT, DYT3T nnYBT,2)
OPT = 8 (I. * OB(RAB4O08flVNfVS*HS
H XOT - DST*DYPT/SQRT(i. + OYBT"92) - x
CL 3O'YO +AIC*YD#S2/2. + A2C*YO**3/3. + CLA -CLe

Ice R9UF 6.*CL/DR - VS'RO - 4..VS*ROOCYfl
C

IROUO=0
IF(ROUB) 55,55,58

55 IROUB I
105 RETURN

58 USS = 0.1
RU = R39U9v'0.L..(C-1.1

C USING NEWTON RAPHSONG METHOD ITERATE ON UP UNTIL RUP ROU9P
Ito Us= 0.1

00 60 K=l,5O
RUP = *Ro.Uq24
IFIABS(ftU'-RRUOP).LT..00t1001) GO TO 70
DRUPDU = 0.i.WC/U8SS.6-2.4*US9w1.L.

115 US = US *-(RSU9P-RUP)/ORUPOU
IF(UB.LT.01 U13S =UIS+.05
IFtUI.LT.O.) US UDlS
IF(U3S.GT.1.1 RETURN

60 CONTINUE
120 C

IRAPU= 2
65 RETURN

C
70 R9 (DBU3) t -. 1 * .

125 UBTNIT =U
PB = 9*.

C
C CALCULATE RMP FOR THIS U9

RM9 = U9/SQRT(I.'.*CK~mq/RR)
130 IF (YO/T(2,NN).GE.0.1) NN =NN -I

PO D 0.

C
R!MO =SOqT((UO*12 4 Vfl##2)/(1.I.'CKPOfRO))

C
135 CALL SUBCPTlC')

RETURN
CNO
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SUBROUTINE SU9CRT±IJ)

t THIS SUIROUTINE CALCULATES SUSCRITICAL FLOW FOR THE INITIAL PORTION
C OF THE AIRFOIL SURFACE

COK1NON C ,C' tRS ,FM ,ALPHA
COMq"ONIACOMIX ,XA ,VN ,VS 9H lOy

$TO 00O ,RO ,U0 ,vo tqmO ,ouo
2 ,Y(2,jO),P(2,10),R(2,101 ,U42,i0) ,V(2,0) ,gRM(2,iO),OU(2,101

10 COMMONICCOIVXfl yq ,OYR ,OOYB Dug ,P8

1 ,U8 ,RWIG nBl ,NS ,CRA
CO"qIONIOCONICS ,CZ ,ovl lot 9001 ,RI
I ,YOO ,1SKIP
COMWON/AINPUTI r)UM(12),CXI 9QUI(13),NNi(?) ,Hi(6)

.11 CO"MONfOUTCOq,
I XBO(160) ,RMBO(i60),OUBO(160),II ,112
COHIMON/COINNINN
COMPON/CO'4PRSIXX(160,2),PP(16092),'40(
DIMENSION eX(4),8U(i.,10),E4V(L,jfl),qy(4,j0I

20 C
C INITIAL.IZE INPUT

OCX =0.004
CX =CX1 -3.'flCX
CRA 1 .0

25 112=0
1=0
N1 = NN - I

100 00 106 K=1935
C

36 C PERFORM FLOW INTEGRATION STEP
CALL OUNSt1,J)
00 104 N =3, NI

(a4. CALL INAS(1,J,N,1)
CALL INR0(NN,J)

35 C
II 14
XBOtUI) X1
RIRBO(II) M
Xx(II,J) XS

'.0 PP(1IqJ =s

DUPOIII) D U9
C

IF (RMO *GE. i.0 .OR. flUB *L-. 0.0) RETURN
C

4.5 IF (XB *GE. CX GO TO 120
C

196 CONTINUE
C

RETURN
50 C

C SAVE FLOW PROPERTIES AT THIS STATION
120 1=1+1

RXII) =X
DO 124 N 2, NN

55 9U(IN) UfJ,N1
BV(I,N) =V(J,N)

C
IF (I - 4i) 126, 200, 200

60 126 CX =CX * OCX
GO TO 100

C CALCULATE FLOW PROPERTIFS AT X9 AS INPUT TO NEXT STEP
200 UO =U~fS0RT(i.+OYBOrYq)

65 VO = UOO0Y8
vsO =U90Us

P0 =R(CVQ'1. 1))*2%
RPO = ~f.
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TO 00 221 N =2, NN
CALL LGRNGN(AY(IN),0Yt2,N),3Y(3,N),BY(4,N),

1OX(1),BXC2),SX(3),BX(4),XB,Y(J,N)I
CALL LGRNGN(9U(IN),RU(2,N),t3U(3,N),6U(I.,N),

75 2?O CALL LGRNGN(BVti,N),BV(2,N),BV(S,N),QV('.,N),

IT = 114.1
XX(IIJl X

80 PP(!I,J) =P9
X9011I) X
R14PO(II)= M
OURtITI) = ol
NN±(? IT

85 C
RETURN
END
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SUBROUTINS SU13CRTPIJI
C
C THIS SUBROUTINE CALCULATES SUBCRTTICAL FLOW FOR THE RULK OF THE

C INTEGRATION PROCESS
s C

COMMON C ,CK ,RS ,FM ,ALIPHA
CONWONIACOM/X ,XA ,VN ,VS 9H BYT
± To ,PO .RO ,UO ,VO IRMO ,ODUD
2 ,Y(2, 10) ,P(2,10) ,q(2,iO) ,U(2,10) ,W( ,111 ,RM(2,i0) ,OU(2,101

to CO"MON/OCOM/CS cz ,ovi ,01 #got IRK
I ,WOO ,ISKIP
COWMON/AINPUTI OUMqC241,NNI(7) ,HI(3) ,HO ,H2(2)
COPN4ONIOUTCOM/

I AXA(1601 ,ARHO(160)9A0Uf160) 111 ,112
is COIMMONIC0MPRS/XXt16O,2),PP(160,2),NP(')

COPIHONIYUVSAVf NNINIT, NNSPR,NNS0WN
I ,VUV(901,VU(10),UU(10),VU(iO),YL(IO),UL(iO),VL~iO)
2 ,yOUtTOLUOU,UOLYOUVOL

COM"ON/CO'NNFNN
20 O(AC, Al, A2, )zO AD * A14Z + A2*7ZZ

C
C INITIALIZE INPUT

NTERM = 3
CX =0.5

25 ISKI! 2
CS =1.0
CZ =C
H HO
CALL ARFL IXA, X, YO, OYDOY,2)

30 N=NN
VSO = U(J,NN)*U(J,NNIeV(JNN)OV(J,NN)
R(J,NNI = (-S)(-.'

5
5

P(J,NN) 2R(JoNN)VOI.'
RM(J,NNI = QTV;*(,N114C*tN)

35 C
250 M = A8SSUI.-X)/H)

00 268 K =1, M
00 266 KK=1,NTERM

C
40 C PERFORM FLOW 14TEGRATION STE*

CALL OUNS(i,J)
X = X4,H
00 265 N=314N

265 CALL INAS(i,J,N,NN)
45 C

IF(X.GE.CX.DR.X.LT.0.0.OR.R'40.LE-.0i.OR.RMO.GE.1.0.OR.
1 A8S(A0U(IT)).GT.2.0) GO TO 26?

C
266 CONTINUE

50 C
267 IT = 11*1

AXA(II3 = XA
AR?4OMI) =RMO
ADU(II) =DU(JNN)

55 XX(IIJt = X
Pg'(II,jl PO

C
IF (X *GE. CX ) GO Tn 270

C
60 IF* (X .LT. 0. .OP. RMn *LE. 0.4.O'R.PMO.GE.1.0ý RETURN

C
.IF(A9S(ADU(II)).GT.2.0) NN NN-l

2S8 CONTINUE
270 CONTINUE

65 IC(CX.GT.1.999) GO TO 380
C
C ADD ANOTHER STRIP TO THE INTEGRATTON

Y* (JNN-11-Y(J,NN)
Y2 =Y(JNN-21-Y(J,NN)
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?7I CALL AISU9(Y1,2,U(JNN),tU(J, NN-1),pU( JNN-21 , AIU)
CALL A2SUB(V1,Y2,U(J,NN),U(J,NN-i),U(JNN-2),A2UI
CALL A1SU4(V1,T2,V(J,NN) ,V(J,NN-i) ,V(J,NN-2) ,AiV)
CALL A2SU9(Yi,Y2,V(J,NN),V(J,NN-i),V(J,NN-2),A2W)
NN = NNI

U(JNNl = DU(J,NN-1),AIU,A2U,Y(J,NN)-Y(JNN-i)I
VtJ,NN) = 0(V(JNN-±),A1VA2VY(J,NN)-Y(J,NN-1)I
VSO =U(J,NNI*U(J,NN) *V(JNN)-V(J,NN)

SI P(JNNf R(J,NN)OO1.l

CX = 1.0
GO TO 250

C
85 C SAVE FINAL FLOW PROPERTIES OF THIS SUBROUTINE AS INPUT TO NEXT STEP

380 IT2=1
NPqJ) = II
IF(J.E(Q.2) GO TO 4.10
00 4.00 N~i,NN

90 YU(N) = (J,N)
UUMN = UIJ,N)

4.00 VUfN) = V(J*Nl
YOU =TO
UOU =UO

95 VOU =VO
RETURN

4.10 00 '.20 N=1,NN
YL(N) =YtJ,N)

*ULIN) = U(JN)
100 4.20 VL(N) = W(J,N)

Y OL = Y
UOL =UO
VOL =VO
RETURN

105 END
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SUBROUTINE IOUPRCT
C
C THIS SUBROUTINE PRINTS THE. INPUT PARAMIETERS AND THE CALCULATED
C OUPUT FOR SUBROUTINE UPRCRtT

5 C
CO~MON/AIMPUTf AIN(2'i ,NNIM ,MI(6)
CO"NONPYUVSAV/ NP4INIT,NNSPR,NN!2WN,YUV9i56)
CONI"ONfOUTCOWMI
I AXS(160) ,ARM8(16G) ,OUM~i60 ri ,112

10 DIWENSION ISTAR(5),ITTTLE(4d
DATA
DATA (ITITLEII),1=1,4)110HTEST OF CR,l0HITICALIt~lF,i0H UPPER S,

I 10HURFACE f

15 1 (ITITLEMPI),3,101
WRITE46,220) NNINTT,AINI203
WRITE(6,2301 AIN(22)#AIN(21)
CALL UPRCRIT
IF(II.EQO0) RETURN

20 IHALF irl2
J1 = M1OD(II921
IHALFI= IHALF
IF(J#EQ.I) IHALF'i=!HALF~i
WRITE(6,'.001

25 !F(TI.EQ.i) GO TO 25
00 26 T=iIHALF

20 WR!TE(6,3001 AX8(I),AR'q9(l),AX6(I+IHALFjI,ARP49(I+IHALFj)
IF(J.NE.1) GO TO 28

25 WRITE(6,300) AXO3(IHALFl),ARM9(IHALF1)

30 28 RETURN
200 FORMATC iHI,4/) ,?X,12A10f57X,2Ai0/)
220 FOR"Aft(20X,3iiHFROM THE UPSTREAM SOLUTION, NN =,12,SH, DE :
.*I F13.61

230 FORMAT(f20X,36HFPOM THE STAGNATION SOLUTION,. YS =,FiO.6,
35 ± gH, YSO = F10.61

300 FOqP'ATI30X,2(lOX,2Fl9.4))
4.00 FOR~AT(/129X,2(18X,2HXB,8X,2HMR)

END
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SUBROUTINE UPRCRIT
C
C THIS SUBROUTINE CALCULATES MACH NUM9ER CDR A SELECTED NUMBER OF
C POINTS ON THE INITIAL PORTION OF.THE UPPER ';URFACE

S C
CO"NON C ,CK Vz~ ,m ,ALPHA
COMPON/ACOM/X ,XA ,VN ,VS ~H ,DY

i ,yo ,Po ,Ro ,uo ,vo ,RMO fDUO

2 ,T(2,101,0(2,101,R~(2,10)tU(2,iO),V(2,10)gRM(2,i0),DU(2,iO)
It CO"MONIYUVSAV/ NNO,NNSPRNNOWN

CO"MONfAINPUTFOUM(19),OE ,YZO ,TS DOOUM(2),NDUM(?)

C02IPONfOUTCO~f
1.5 I AXO(i611 ,ARMP(lr30),A9~Um(lcj0),II ,112

1O4AC, At, A2, ZI = AO 4 A1'Z * A2*Z*7
C
C INITIALIZF INPUT

NO = NNO -2

20 00 50 N Nnl, NNO
T(lqNl =Y1(N,1)-YSO-YS
U(1,N) =UI(N,1)
Y(I,N) = VI(N'iI

50 R(1,N) =((C-U(1,N)'U(1,N2 -Vc1,N)-V(1,NP),(C-la)"02.5
25 C

Yi = T(1,NNO-l)4Y'7*YSO-!I(NNO,t)
V2= Y(lNNO-2)*YS4TSO-YT(NNO,l2

CALL AlSUB(Yt,TZ,UC1,NNO2,U(1,NNO-1),U(I,NNO-2),AIU)
CALt. A2SUB(YI,Y2,U(t,NNO) ,U21,NNO-1) ,U(I,NNO-2) ,A2U)

30 CALL AISUO(Y1,V2,V(l,NNO),Vtl,NN4O-l),V(1,NNO-2),AIV)
CALL A2SUO(T1,Y2,V(l,NNO) ,V(I,NNO-1) ,V(1,NNO-2) ,A2V)
900 U(l,NNO)wR(lfNNO)

02 U(ltNNO-2)9Rfl,NNO-2)
35 CALL AlSu3n'l,Y2,23O,91,92,AJC)

CALL A2SU3(Y1, Y2,0O,fl1,232,A2C)

OX =.003
C

140 56 XA = 0.
TT = 0

00 100 1=1,20
XA= XA4ODX

45 C
C DETEWP'INE RqU23 rOR THIS XA

CALL ARFL (XA, Xg, Y3, DYR, Or)TR,1)
TO = (OF + Y91/oys 4, V9
YO =Y04YS04YS-¶I(NNO,I)

50 UO =O(U(l,NNOl,AlU,AU,YO)
VO =O(V(1,NNO),AlVA2VYlý)
VsO = UO*UO+VO*VO
TFt(C-VS0).GT.0.) GO TO 57
IF(T.GT. 3.OR.flX.LT.0. 0006) RETUPN

55 OX =. 0005

Gn TO 56
57 RO =(-S)(Ci)'.

CT = 1./SORT(l. + OTB'?)2
ST OT'3.ýT

60 on (OF + X'3)/ST
VS =UOOCT + VOO'T
CL 90*Oyr) + AlC*YO'*2f2. + A7CwY~l~w7/3.
RSUS 2.*L/r)P-VS*'O

C
65 IROUO = 0

TF(PRUI.LT.D.) GO TO 100
51 uoý 0.1
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76 C USING NEWTON-RAPHSONG MEFTHOD, ITERATE ON US UNTIL RSUBF zRUP
USZe.1
00 60 Kz1,5O

IF(A8SIRUP-RSUSP).`LT..0OOO01) GO TO TO

75 ORUPOUz .*fBw.-.U914
US z Ug*(Rl3U8P-RUPIIDRUPDU
IF(US.LT.O.) UBS=U0SS.05
IF(US.LT.O.) U8=UPS
IF(USS.GT.i.) GO TO 100

so 63 CONTINUE
C

IF(I.GT. 3.OR.OX.LT.0O. 006) RETURN
OX = .0005
GO TO 56

85 TO R(; ((C-UB**2)/(C-t.3)"*2.5
P13 = '6 i#

C
C CALCULATE RMS FOR THIS UB

RMS = U9/SQRT~I.4*CK*PBIRB)
90 C

II = 11
AP~fl(II) M
AX~fII X1

C
95 100 CONTINUE

C
RET URN
END
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SUBROUTINE IOUPRIN(iCRIt)
c
C THIS SUBROUTINE PRINTS THE INPUT PARAMIETERS ANU THE CALCULATED
C OUTPUT FOR SUBROUTINE UPRINIT

5 C
COMMION/AINPUT/ AIN(2'.),NNI(l) ,HI(6)
COPIMONIYUVSAII NNINIT,NNSPR,NNDWN,YUV(i553
COHPION/OUTCOM/

1 XBO(160) ,RMBO(i60l,l3UBO(160),II ,112
Is COIMONI'COMPRS/XX(160,23,0P(160,2),NP(2)

CONP40N/RBUBCNIR8UB ,UBINIT ,IRBUB
DIMENSION ISTAR(5)PITITLE(L.3
DATA (ISTAR(I) ,I=1953/5'iOH""O*0'*'*/
DATA (ITITLE(I),I=1,431OlH* INITIAL 10OHSOLUTION OpIOH UPPER S,

A5 i10jHURFACE f
J= 1

1 (ITITLECI), 1=3t'*)
WRITEC6,210) NN1C3),AIN(3),AIN('.),AIN(14),HI(2)

20 NNIET) =0
IF(HI(2).GT.0.0001.OR.NNINIT.GE.NNI(3)) GO ro4
IF(HI(2).LT.0.0001) WRITE(6,360)
IF(NNINIT .LT.NNI(3) 3 WRITE (6,3701
RETURN

25 4. CALL UPRINIT(ICRIT)
IE (IRBUB. EQ. 03 WRITE(6, 3303 iBU0,UBINIT
IFfIRSUB.EQ.13 WRITF'(6,350) R9U9
IFfIRBU9.EQ.21 WRIrE(6,340) RBU9
IF(II.EQ.0) RETURN

30 IF(112.EQ.0) NN1(7) 1141

IICX NNI(7)
IHALF I112
K = M0O(II,2)

35 IHALFI = IHALF
IF(K.EQ.1) IHALFI IHALF+l
WRITE(6, 400)
IF(II.EQ. 1) GO TO 15
DO 10 11i,IHALF

'.0 IF(I.NE.IICX.ANO.(I4-IHALFI).NE.IICXJ GO TO 5

1RMBO(I+IHALFI),PP(I4IH4ALF1,J),OU8O(Ii.IHALFI)
IF((I+IHALF13 *EQ.TIIX) WRITE(6,3?0) X30(I) ,RMa0O(I) ,PP(Ifj),OUBO(Il

1I (ISTAR(L) ,L=194)
4.5 GO TO 10

5 WRITE(6,3001 XBO(I),RMOO(I),PP(I,J),OUBO(I),X30(I4IHALF11,
1 RPIDO(I+IHALFI),PP(IIHALFi,j),DUBO(I4-IiALFI)

10 CONTINUE
IF(K.NE.i) GO TO018

50 IF(IICX.EQ.IHALF1) k4RITEC6,310) (ISTARCL),.1'.3j~
IF(IICX.EQ.IHALFI) GO TO 18

15 WRITE(6,300) XBO(IHALPI3,RMOO(IHALF1),PP(I-IALF1,J),OUBO(1HALF1)
13 IF(I12.LE.01 WRITE(6,260)

RETURN
55 20) FORMAT(4(/), ?X,12A10/57X,?Al0)

21) FORMAT( //20JX,4HNN =I2,9H, XAO =,FIU.6,gH, CYD =F12.8,
I 9H, RMC =,F10.6,8H, HS =,F10.61

260 FOMT/0,9****fIT-RTO WAS NOT C0PIPLETED
300 FORMAT( 10X,2(i0X,'.r10..))

60 310 FORMAIC 20X,4Ai0, 10X,4FlD. 4)
320 FORMAT(20X,4F10.4, 1OX,4A10)
330 FORtAT( /t+?X,6HRPUB =,F1O.5,10X,4HUB =,F1O.b)
34.0 F-ORMA)T(/ 39X,6HRBUý =,Fl0.6,4GHfl**#FLO,4 CONDITIONS CANNOT BE MAT

ICH-ED 3
65 350 FORMAT(/ 59X,6HRPUB =,F10.6)

360 FORMATUI/20X,29Hfv;P;S###SSTEP SIZE TOO SMALL)
370 FORMAT(// 20X, 49H#' *W#fvfINSUFFICIENT NUIMBER OF STRIPS AVAILABLE)
400 FORt'AT(//10X,?(17X,2HX3,3X,2HMB,8X,2HP8,?X,4'HJD0X3)

END
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SUBROUTINE UPRINIT (ICRITI
C
C THIS SUBROUTINE CALCULATES THF INITIAL CONDITIONS ON THE UPPER
C SURFACE

S C
COMMO0N C ,CK ,RS ,FM ,ALPHA
COPIPON/ACONIX ,XA ,VN ,VS ,H ,OY
t TVo po ,RO ,UO ,VO fRPO DuoU
2 ,V(2,103),P(2,101,Rt(2,iO)PU(2,101,W(2,iO),RM9(2,l0),DU(2,101

itCOMWON/CC0"fxq ,YB ,O'B ,1308 ,~u'i ,pa
£ ,UB ,RMB ,)B ,H' 9CRA
COWWON/AINPUT/ ADUM(2) ,XAO ,CYO ,DU'4(i5),DE
1 ,YSO ,YS ,0U14(2),NDUM(2,tNNUPR ,MOUM(4),Hi
2 tHSI ,H2(v)

15CO"MON/YUVSAVP NNO,NNSPR,NNOWN
1 ,l7C1,2) ,UI(10,2) ,Vli( 1,2) ,YUV(96)
COMI4ONfCOMNNfNN

COPHONIRBURCM/RBUB ,USINIT ,I~uq
20 D(A0, Ai, A2, Z) AO + AI'Z + A2*Z'PZ

C
C INITIALIZE INPUT

112=0
11 = 0

25 HS =HSI
NNH = NUPR
X = -OE
XA = XAO
DO0 52 N = 1, NNO

30l YI19N) = YI(N,i) -YSO-YS
U(1,N) = UIIN,1)
V~1,N) = VI(N,1)
vSO = U(1,N)*U(1,N)q4V(,N)*VCIN)

35 P(i,N3 R(IN)"*1.4'.
52 RtM(1,N) =SQRT(VSQ'R(l,N)f(1.4.CK'P(I,Nl))

C

C CALCULATE RBU13
Yi = Y(1qNNO-l)4YS4YSO-YI(NND,1)

40Y2 = (1,NNO-21+'VS+YS(0-VI(NNO,ll
CALL AISU1a(YiY2,U(I,NNO),U(l,NN0-1),U(1,NNO-21,AIU)
CALL A2SU3(Yi,T2,U(iNNO),U(iNNO-1),U(1,NNO-2),A2U)
CALL AiSU3(Y1,Y2,V(lNNC) ,VtlNNO-i),V(1,NNO-2) ,AIVI
CALL A2SUO(Y1,Y2,V(i,NNO),V(1,NNO-1),V(1,NNO-2),A2VI

645 40 = U(1,NNO)-R~i,NN0)
4~1 = U(i,NNO-11vR(l,NNO-1)
92 = U(i,NN0-2V*R(i,NN0-2)
CALL AlSUt)(Y1,Y2,80,Al1t)2,AiC)
CALL A2SUO(Y1,Y2,40,)1 ,82, A2C)

50 CALL ARFL fXA, XB, Yl, DY9, 09Y9,11
YO =(OF 4 x~l/OYS + Y9
YO = YO4YSO4VS-TI(NNO,11
UO = 0(U(i,NNO),AlU,A2U,YO)
VO = D(V(i,NNO),AlV,A2V,YI))

55 RO = ((C - UD''? - V0'62)/IC -1.025

PO = "R** 1 4
=m S0RT;(UO"*2 + VO*62)f(1.4*rK'PO/RO))

CT = .fSORT(1. . OYB*62)
ST = 0YO9"

60 RAP =APS(1.f(CT**3*09YB))
08 (DE + XBI/ST
VS UO*CT +VO'ST
YN =-U09ST 4. VO*CT
CL = SOWTI + AlCOY0V'2/2. + A2C*Y') 4 '3/3.

65 ~~R9UP =.CLD - VS'RO - 4.*VS*RRO)'CYO

IF~U)55,55,58
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55 IRBUR
RETURN

58 UPS =0.1

75 RqUSP = ISO40r-:

C USING NEWT0N-RAPHrONG M4ETHOD0, ITERATE ON UP UNTIL RgUBP RU

US = 0.1
00 60 K=1,50

so RUP =C*UgS*0.4UP*12.'.
IF(ASS1RUP-ROUBPI.LT..00O0t) GO TO 70

US =US t(R4UBP-RUlPlfORUP0U
IF(U8.LT.0.) UO = UrIS+.O5

85 IF(UR.LT.0.1 US 9
IF(URS.GT.1.) RETURN

60 CONTINUE

90 65 RETURN

70 IF(C-UF3*U') 65965,71
71 R? =

URINIT =UP

935 PP 136.
C

C CALCUtATE RMB FOP, THIS U9

itg= US/SORI(1.I.*CK**B/RB)

110a CALL ARFL(XA+H~S*CT, X8T, YlT, OYQT, OOY9T,1)

DpT = 08 (I. + 0 8/,(p~g~g))*VN/VS*HC

H = XRT - O8TfOY9T/SORT(l. + nYPT**2) -X

TFAICRlT.rEO.i) CALL SPRCRT1(1)

105 IF(ICRIT.EO.21 CALL SU;3rRTlll)
C

RCTURN
END
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SUBROUTINE SPRCRTI(J)
C
C THIS SUBROUTINE CALCULATES THE INITIAL FLOW CONDITIONS ON THE UPMER
C SURFACE

5 C
COMMON C ,CK RS~ gm ,ALPHA
COMMON/ACOMIX ,XA ,VN ,VS ,H ,Dy

i To 'PO ~RO tUO oVO ,RMO tDUO

2 ,VI2,1o),P(2,10),Rt2,i0),U(2,10~,V(2,10IRM(2,10),OU(2,103
is COMqONfCCOIfX8 'yo ,r)YB ,oDY1e OU'3 ,P

i ,UA ,R'M8 '08 ,HS ,CRA
C094NON/OCOt4/CS,CZ,A~IOUM(5) ,ISKIO
CON" ON/ A INPUTf OUP4(i3),RUc ,8OUM14),jXASPR ,COUU(5)

I. ,NNit?) ,Hj(6)
Is COMMON/YUVSAV/ NNTNIT,NNSPR,NNnWN

I T'UVi(60) ,YSPR(iO) ,USPR(10) ,VSPR(10) ,YUV2(66)
COMMONIOUTC0'41
1 Xa011601 ,RmBOC160),OU8O(16a),II 9112
CONM4ONtCOP!PRSIX(Ci60, 2) ,PP(160,2) ,NP(?)

20 COMMON/COP4NNFNN
DIM4ENSION 9VS(6d ,8VN(,) ,f3OR(6)
DIM4ENSION 8X(4),RXA(I,),BU9Ud),8'9('), 8U('.,10l,9V'.,10),3TU.,t0)

C
C INITIALIZE INPUT

25 112 =0
CRA =0.
CSO =0.9
OCSO = .02
0CSI .03

30 NTFRM 3

N1 NN - I

100 130 110 K It 100
00 108 KK=I,NTERM

35 C
C PEQFORM FLOW INTEGRATTON STEP IN THE SU9SONI: REGION

CALL OUNS41,J)
00 10'4 N =3, N1

10'. CALL INAS(i,J,N,11
4.0 CALL INBO(NN,J)

IF(RM.GS.CSO.OR.OU8.LE.5.0) GO TO 100
135 CONTINUE

4.5 loq II= Iý
X8BOUI) X
RMOOUI) R'I9
OU9POUI) OUP.
XX(IIJ) X3

50 PPUIIJv P13

IF(PP90.GE .i..OR.OUB.LE.5.) R=ETUP'N
C

IF(RMP3.GE-.CSO) GO TO 120
55 C

110 CONTINUE

RETURN
C

60 C IF THIS IS THrE FIqST TIM4E THROUGH DcCREASE THE STEP SIZE BY HALF
120 IF(I.GT.0) GO TO 122

HS HSf2.
H Hf2.

C
65 C SAVE FLOW P nPFRTIES AT THIS STATION rO FUTURE USE.

122 1=141
9XCI)
O3XA(T) =XA
BUFPI) = UP
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70SOPEI) Is

9VS(I) VS
SVN(I IS VN
00 12'i N 2, NN

75 BU(1,N) :U(J,9N1

BVII,N) VIJN)
12'. 6Y(I,N) T(J,N)

IF (I - 41 126, 150, 150
so 126 CSO =CSO * 4 S

GO TO 100

150 H H02.
HS HS*2.

85 HX HS/SORT~l.+ Y*2
C
C FIND THE X STATION FOR WHICH R9q IS rREATER THAN 1.03 USING A
C LAGRANGIAN FUNCTION

00 160 N =1, 100
90 XA =XA + HX

CALL LGRNGN(OHB(1) ,9'4(2) ,9M3(3) ,BM3MU),
iBXAI1),BXA(2),PXA(3) 9XA(4) XA,RM9)
IF (IRq .GE. 1.03) GO TO 20n

160 CONTINUE
95 RETURN

C
C CALCULATE FLOW PROPERTIFS AT THIS X STATION

200 112 -1
I1 = 14.1

100 NNIM = II
CALL LGRNGN(SOB1) ,93r35(2) ,8O033) ,0003(4),

CALL LGRNSN(9V¶F(1),3VS,(),0VSt0),4VS(L.),
19XA(1),5XA(2),BXAf3),BXAC',),XA,VSI

105 CALL LGRNGN(t0VN(1),90VNI2),03VN(3),GVN(4),
IRXA (l) ,OXAC 2),XA( 3) , XA(), XA, VN)
CALL ARFL (XA, X'q, Yq, OY2, 90yrli)
CT = l./SORT(1. w 0Tq**2)
ST = CTIOYP

110 TO = Y3 + 4 C
X =XB - 981ST

UO=VS*CT -VNOST

VO = SOST *VNwT¶
RO=((C - Uo*Uo - yo*Vn)f(C - .*25

115 PO RO*11.4
RMO = S2R1'C(UO*UO + VOPVO)*ROf(1.4*rK*PO)l
CALL LGRNGN(OUO(1),OUB(?),BtJ3(T),OUO(Ld,,
lOX A(1) , RX AC21 ,PXA( 3) , XA(L) , XA, U9)

Rq=((C - U30Uq)/(C-
120 P9 R31.

00 220 N =2, NN
CALL LGRNGN(g3U(1,N),9U(2,N),3UCT,N),gUC4,N),

1OX (1) , X ) , 3X C0) ,px ( L) X ,U (J ,N)

125 CALL LGRNSN(9V(1,N),BV(2,N),3VC't,N),OVCL.,N),

CALL LGRNGNCOY(1,N),9Y(?,N),.3Y(3,N),
0
YH.,,N),

1 XCI) ,PX(2),3X(T) ,q (LI) ,X,V(J,H)I
VSC =U(J,N)*U(J,N)%4VCJ,N)*V(J,N)

130 P(J,N)=
P(J,N) ='C(J,N)*v.L,

2?)3 RM~(J,N) SORTCVSQ*R(J,N)/(1.Li4'K*PCJ,N)))
C

Clz =R1
135 1=0

C
250 10 ?R9 K =1, 50

00 290 KIKul,N7FR'
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1%SC PERFORM FLOW INTEGRATION STEP IN SUPERSONIC REGION
CALL OUNStI,J)
NI xNN - I

00 275 N x3, NI
275 CALL INAStiJtNtil

145 CALL INBO(NN,J)
C

IF(RNO.GE.CS1.OR.RMS.LT.i.0.OR.qM(JINN).GE.RMC) GO TO 285

288 CONTINUE
150 C

285 11I I1I&
X804111 X8

OUSO(II) OUR
155 XX(IIJl Xs

P'P(TI,Jl P13

IFtR"8.LT.t.5.OR.RM3.GT.2. 0) RETURN

160 IF (RMB *GE. CSI) GO TO 320
C

IF(RMqEJ,NNI.GE.RMCI NN=NN-1
295 CONTINUE

C
165 C SAVE FLOW PROPERTIES AT THIS STATION

320 1 =I14-
BX1I) =X
D0 324 N 2, NN
OU(I,N) UIJN)

170 BV(IN) = VJ,N)
324 BY(I,N) =Y(J,N)

C
IF (I - 41 326, 350, 350

075 326 CSI = CSI * OCSi
GO TO 250

C
C CALCULATE FLOW PROPERTIES AT X9 FOR INPUT TO NEXT STEP

350 YSPRWI = YI~j,i)
180 USPR(l) = U(J,l)

VSPR(I) =VIJ,l)
00 360 N = 2, NN
CALL LGRNGN(9Y(1,N),SY(2,N),SY(3,N),8'V(4,N),
I PXII),6X(2),BX(3),BX(4),X%3YSPR(N))

185 CALL LGRNGNV3U(i,N),BU(2,N),3U(3,N),BU(4,Nl,
I 9Xc1l,RX(2),eX(3),53X(IdX,XUSPR(N))

360 CALL LGRNGN(5Vti,N) ,BV(2,N) ,BV(3,N) ,SV(b*,N),
1 PXtj),9X(2),BX(3),9X(4),X9,VSPR(N))

NN = NNI-1
190 YSPPtNN) = Y3

USPRINN) =U8/SQRT(l.+DY9*0Yl)
VSPR(NN) =USPRINN)OOYP
NNSPR = NN
XASPR =xA

195 112=1
C

RETURN
END
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SUBROUTINE IOSPCT2IJ,Ll

C THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
C OUTPUT FOR SUBROUTINE SPRCRT2

5 C
CO"MON/AINPUT/ AIN(2'.),NNi(r) ,HI(6)
C4MNONtYUVSAVF NNINIt,NNSPR,NNOWN,YUW(1561
COMMON/OUTC0t41
2. AXA(160) ,ADU(160) ,OOQO(1601Il ,112

lo COMMON/CO4SPR/ARMO(160)
COMMONICOMPRSIXX(160,2),PP(160,2),NP(2)
DIMENSION ISTAR(S) ,ITITLE(4)
DATA
DATA (ITITLE(I),I~i,Id/iONS AIRFOIL ,£OHSOLUTION *tIOH UPPER S,

.15 1. IGHURFACE /

i (ITITLE(III:394)

IF((NNSPR.EQ.0).OR.4NNSPR.GT.9)) GO TO 20
20 WRITE(6,22DI NNSPR,AIN(i9)

N = (.0-AIN(7)) /0.014(AIN(F)-0.1)/0.0054(0.1-AIN(3)3 fHI(5I
IF(M.LT.4T0.OR.NNSPR.GE.NN1(5)) GO TO 4
IF (NNSPR. LT.NNI(5)) WRITE (6,330)
IF(M.GT.'470 WRITE(6,320)

25 IF(NNl(5).LT.NNSPRI WRITE(6,330)
RET URN

4. 0O 5 I~i,160
5 0000(1) = 0.
CALL INVELOC(L,J)

30 CALL SPRCRT2(J,L)
IF(II.EQ.0) RETJRN
IHALF = 112
K =MOD(II,21
IHALF1 IHALF

35 IF(K.EQ.1) IHALFI IHALr41
WRITE(6,'.000
IF(II.EO.i) GO TO £5
0O 10 11I,IHALF

10 WRITE(6,310)AXA(I),ARMO(l),PP(I,J),AOU(I),OO0O(IJ,AXA(IGIHALF1I,
40 1 ARMOCI.IHALF£3,PP(I.IHALF£,J),ADU(I+IHALF1),OOQO(I+IHALFi)

IF(K.NE.1) GO TO 18
15 WRITE(6,3101 AXA(IHALF1),ARMO(IHALFI),PP(IHALF1,J),AOU(IrIALF1),

I oDoo(rHALFI)
18 IF(II2.EQ.01 WRITE(6,260)

4.5 RETURN
20 WRITE(6,2501
.RETURN

200 FORMAT(4(/) ,?X,12A£0/57X, 2A10)
210 FORMAT( //20X,'.HNC =,12f/20X,i2HSHOCK LOC. =Fi0.6,

50 1 iOH, B~ETA =,F10.6,10H, OELS =,FiO.5,10H, COOG ,IF1O.6,
2 8H, HO =,FIC.61

220 FORtIAT(/20X,3iHFROM INITIAL CUNDITIONS, NN =,12913H, x(rNIT)
I JF10.6)

250 FORMAT(/ 20X ,45H#.w vv ***@PREVIOUS STEP HAS NOT BEEN COMPUTED)
55 260 FORMAT(/2OX,39H"

4
"'#'P'*INTE-GRATION WAS NOT COMPLETED

310 FORMAT(2(1OX,5FlC.4))
320 FORMAT(f/20X,29H*#U#####*wST;-P SIZE TOO SMALL)
330 FORMAT(//?20X,'.9H~wwv#*'"'INSUFFICIENT NUMBEi OF STRIPS AVAILABLE)
4.00 FORMAT(f/2(1?X , HX,9X,2H40,8X,?H;DO,7X ,4H)U)X,6X, 3HODO,£x))

60 END
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SUBROUTINE SPRCR¶2i(JL)
C

THIS SUBROUTINE PERFORM4S FLOW INTEGRATION FOR THE BULK OF THE
C AIRFOIL SURFACE

5 C
COMMON C ,CK ,RS ,FM ,ALPHA
CO"MON/ACO'MIX ,XA ,VN ,VS #H D
I ,TO ,PO ,RO ,UO ,VO ,RHO ,DUO
2 ,TE2,101,P(2,10),R(2,10),U(2,10I ,V(2,10) ,RM(2tiO),OU(2#101

10COI4MON/0CONICS ,CZ ,ovi. ,Qi ,O~2i ,RK
I #woo ,ISKIP
CONMONIAINPUTf ADUM(6),SL ,SDUM(p) ,BETAU ,OELS

1 ,CO3Q ,RKI ,XASPR ,COUM4I),CSI ,CZI ,NNI('.)
2 ,NNSPR ,NN2(2) IHI(.1 ,HO ,HOWN

.is COM"IONfYyJVSAVI NNINIT,NNO,NNOWN
1 ,YU (60),YSPR(12),USPaC1ýoi,VSPR(iO),YU(100,UU(10),VU(iOI
2 ,VI(10) ,UL(IO) ,VL(IOP ,VOU,TOL,UOU,UOL,VOUVOL
CO NP' ONfO UTCOM

1. AXA(160) ,AOU(160) ,DDQOI160),II ,112
20 COMMpON/COP1PRS/XX(160,23,

0P(160,2),NP(2)
CONP'ONfCOMSPRfARMO(1601
01 AC, Al, A2, ZO AD A*Z +A2*Z*Z

C
C INITIALIZE INPUT

25 NN =NNSPR

112=0
NTERM = 3
ISKIP =3

30 PS = R*i'
CS 1 .0
CZ =C
H =HO
XA = XASPR

35 CALL ARFLCXA,X,YC,DV,D.UMJ)
BETA = BETAOf57.295?77g
TO = YSPR(NNO)

UO= USPRINNO)
VO = VSPR(NNO)

4.0 DO = SQRT(UO*UO+VOOVO)
RO= ((C - QO*02)1(C -1.)*5

PO = RO*0i.'
RHO = OfSQRT(I.'.SCKOPO/ROI
D0 102 N =1, NN

'.5 Y(JN) YSPR(N)
U(J,N) USPR(N)
V(J,N) =VSPRINJ
VSQ = U(JoNJSU(JtN),.V(J,'J)*VCJ,N)
R(JN) =C(C-VSQI/(C-1.))**2.5

50 P(J,N) =R9)6.
102 RpqcJ,N) =SQRT(WSQOR(J,N)/(1.4WCKOP(J,N)))

C
M = ABS((.99-X)/HJ
0O1 = 0.0

55 00 295 K=10M
00 280 KK=1,NTERM
ODD = 001

C
C PERFORM FLOW INTEGRATION STEP IN SUPERSONIC REGION

60 CALL OUNS(l,J)
X = X*H

00 270 N =3, NN
270 CALL INAS(1,J,N,NN)

C
65 C

IP (ABS(DUO).GE.100.0.0O1.X.LT.0.0.OR.X.GL.SL.OR.RMO.Lr.1.)GOTO 285
C

IF (X *GE. 0.1) H =0.005
C
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iS216 CONTINUE
C

265 O0Q (001 - OQOl/H
II II*1
AXA(II) z XA

7, AOU(II) z DU(JNNI
ARMO(III a RMO
0000411) a DQ
XX(XItJ = X
PP(IIjl PO

IF(DO0.GE.CDOG) NN = NN-i
C

IF(AAS(OUO).GE.100..OR.X.LT.O.0) RETURN

85 IF (RMO *LT. 1.01 RETURN
C

IF (X .GE. 0.1) H = 0.005
C

IF(X.GE.SLI GO TO 300
90 C

295 CONTINUE
RET URN

C

C APPLY RANKINE HUGONIOT RELATIONS THROUG4 S40CK( WAVE
95 300 Q0 S0RT(UO*UO + VO*VO)

UOI QOOSIN(BEYA)
VOI QO*COS(B1ETA)
RMO =RMOOSIN(BEEA)
R2Ri 2.4*RMtO**2/(0.4.'RMO*42 + 2.)

to0 P2PI =1. + 7./6.*(RMO**2 - 1.)
U02 =UOl/R2R1
V02 =Vol
00 SQRT(U024*2 +V02*121
UO = QO/~SGR1C1. + OT'OY)

105 WO =UOO0T
RO = O*R2Rl
PO = P09P.~pl

C
IF (DELS .LE. 0.0) GO TO 306

110 PS2 = S*(2.4*RMO**2f(0.L.'RMO*02 + 2.))'*3.5fP2P1'v2.5

RS2 = O*4PS2/PO)*(Ii.'.4)
CZ = C - 1.)'PS2fRS2
CS =POfRO**1.L.

C
115 306 H =0.01

RM
4
O =SQRTIIJOUO +VO*VO)1I1.IRCK*POfRO))

IF(L.EQ282 CALL LGRNGNI'VO,VIJ,NN-l),V(J,NN-2),V(J,NN-3),o.O,
1 Y(J,NN-1)-VO,7 (J,NN-2) -YO,Y(J,NN-3) -YO,Y(J,NN) -YO, V(J,NN))

C
120 M = (1.0-X)IH

-30 320 K =1, M
DO 308 KK=1,NTERM

C
C PERFORM FLOW INTEGRATION STEP IN SUBSONIC REGION

125 CALL OUNS(1,JI
X =X4H

00 307 N =3, NN
307 CALL INAS(I,J,N,NN)

130 IF (RMO.GT. 1.0.0OZ.X.GE-.1.0.OR.A3SIUOu) .GE.50.0.OR.X.LT.0.)GO TO 310
301 CýONTINUE

C
310 11 1141~

AXA(III Y
135 AOU(II) = U (J, NNI

ARMOIII) RMO
XXIII,J) =X
PPIII,J) PO

C
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IF (ABS(OUO ) *GE.50.0 .OR. X *LT. 0..OR.RHO.GT.1,0) RETURN
C

IF(XGEl.01 GO TO 360

320 CONTINUE
145 C

C SAVE FLOW PROPERTIES CALCULATED AT FINAL STATION AS INPUT ro NEXT
C STEP

360 I12cz
NP(J) II

1so NNDWN = NN
00 400 N=1pNN
YUIN) = V(JN)
UU=N) U(JNl

480 VU(N) = V(JPN)
155 YOU = TO

UOU = UO
YOU = VO
CSI = CS
CZI = CZ

160 RETURN
END
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SUBROUTINE IOONSTM(*J)
C
C THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
C OUTPUT FOR SUBROUTINE DUNSTRM

COPqONIAINPUT/ AIN(21.),NNI(7) HT(6)
CD""~ONIOUTCOOq,

I AX(160) ,AP041601) API(1601 , II ir
COM"ONICOMOWNfARMO(160)

1o CO?*)ONIVUYSAVINNINIT ,NNSPR ~NfnWN ,YUV(156)
DIMENSION ISTAR(5) ,ITITLE(2)
DATA (ISTAP(I),I~i,5)/5'I0H""**"*'0*/
DATA (ITITLE(I),I=i,2li0HOHOWNSTRFAiM,I0H SOLUTION*/

'15 WRITE(6,210) NNl(6),HI(E,),AIN(lfl)
WRITE(6,22fl) AIN(?),AIN(15),ATN(23),AIN(24.)
M = q.OfHI(6)
IF(M.LT.'.?0.OR.NNDHN.GE.NN1(6)) GOCTO4
IFAM.GT.'.701 WRITE(6, 310)

20 IFINNDWN.LT.NNI(6) ) WRITE(6,320)
RETURN

4. CALL OWNSTRM(J)
IF(II.EO.01 RETURN
IHALF =I112

25 K = M00(I1,2)
IHALFI = IHALF
IF(K.EO.i) IHALVI =IHALF4.1
WRITE(6,4 00)
IF(II.EO.l) GO TO 15

30 00 10 I=1,IHt&LF
WRITF(6,300) AX(I),ARMO(I),APO(l),AP1UI),AX(I+IHALFi),ARMO(I+IHALF

1 1),APO(t+IHALFi),AP1(I4IHALF1)
10 CONTINUE

IF(K.NE.1) GO TO 18
35 15 WRITE(6,300) AX(IHALFI),ARMO(I'-ALFI),APO(IHALFI),API(IHALF1D

tS CONTINUE

RETURN
200 FORrAT(lH1,4(/),7X,12Ai0)

40 210 FORY'AT( f/2OX,'.HNN =,T2,7H, H =IF10.6,8H, RK =Fj0.6)
220 FOA~2006rO UPPER SURZFAC- INTEGRATION, SHOCK LOC.

I FO.'. 10H, 9ETA =F8.4 ,3H, CS = F.4. $H, CZ F8.4.
250 FOIA(?X3H0*0*9N~RTO WAS NOT COMPLETED
301 FORMAT¶(i0X,2(10X,4Fi0 .4))

'.5 310 FORMAT(//20X,2'9H""***'P
5

STE-P SIZE TOO qMALL)
32 0 FORIMAT( // 20X , 4cH"''' ****INSUFFICI ENT NUM13ER OF STRIPS AVAILABLE)
4.00 FOMT /X2(CXIH X2HHO,SX,?HODO,8X,2HP1)I

ENO
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SUBROUTINE OWNSTR4(j)
CO"NON C ,CK ,RS ,FM ,ALPHA
C0?qHONIACOpIX ,XA ,VN ,Is 9H ,OY
±. ,tO ,PO ,RO quo ,VO ANDO ,OUO

C01qM0N/oComfcs ,Cz ,OVt ,QI ,OQi ,RK
I $Too 91SKIP
COMHNfNA!NPUT/ AIN(i?),RKI OOUlR(4)vcSI ,CZI

I *NNI(5) ,NN ,NN2 HIT(51 PHI
1e CONHON/YUVSAY/ NNINIT,NNSP~,NNOWN

I ,YUV(60),YSPR(10),USPR(±0),VSPR(10),YU(±O),OUUg±o),yU(±l)
2 ,TL(IO),UL(10),VL(10),YOUYOLtUOUUOLIVOU,VOL
CO MH0N/0UTCOl!f
I AX(1601 ,APO(i6a) ,API(160) .11 l

Is CO"MN/NCON0WNfARMO(160)

C INITIALIZE INPUT
NTERI4 = 4
CS= CSI

20 CZ =CZI

RK=RKI

IIit=0
25 ISKIP=

IF(J.E(Q.i) GO TO 4.
00 1 N=19NN
Y!J(N) =YLtN)
UU(N) = UL(N)

30 3 VU(N) =VL(N)
4 00 5 N~iNN

U(i,N) = UU(N)

5 V(i,N) = VU(N)
35 X = 1.

00 14 N = 1, NN
VSO = UU(N)OUUIN)+VU(N)*VU(N)
R(i,Nl = (C-VSQ)f(C-i.))*f2.5
P(i,N) =~v~%.

40 RM~11N) =SQRT(YSO/(i.4'CK'P(I,N)f'Rci,N)u)
1'. OJUq,N) 0.

VSO = UOU'UOU+VOUVVOU
IF(J.EQ.21 VSO = UOLwUOLI-VOL*VOL
RO = ((CZ - VSQ)f(CSw(C-1.)))w*?.5

45 PO = RO 0"1.4*CS
RMO =SQRT(VSQ/(1.4*CK*POIRO))
DOU = 0.

TO=(YOU-YOL) 12.
QOU = SQRT(TSO)

50 YU =ATANIVOUfUOU)
C
C DFTFRMINE T AND VOO- INITIAL VALUES

TL =-ATAN(VOLfUOL)
T =(TU + TLlf2.

55 UO = QOU*COS(T)
VO = QOUOSIN(T)
VOO = wo
M ASS(ID./HfNTERMI
00 40 K = 1, M

60 00 35 KK=1,NTERM
C
C PERFORM FLOW+ INTEGRATION STEP

CALL OUNS(l,tl
CALL INASIIi,,NN,NN)

65 C
IF(RM(i,NN).GT.0.935) GO TO036
IF (X *GE.10..OR. X *LT .0.0 .OR. RMO- GE. 0.97) GO TO 36
X=X t H

35 CONTINUE
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AX~IIT) X
ARY"O(111 RMO
APOf II PO
API(IIZ P(1,NNI

75 IF(X.GE.10.1 GO TO 50
IF(RM(1,NN) .GT.S.95.OR.X.LT.O.0.OR.RMqO.GE.0.9r) RETURN

43 CONTINUE
50 I11=1

RETURN
83 ENT)
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SUBROUTINE AKUTTA

C THIS SUBROUTINE PRINTS THE CALCULATED PRESSURE DISTRIBUTION ON THE
C UPPER AND LOWER SURFACES

CONNON/COMPRS/XX(160,2),PP(i60,2),NNI ,Nk2
DIMENSION ISTAR(41,IFITLE(41
DATA (ISTAR(1),i1=,'.)/410H****' 9*
DATA (ITITLE(I),I=1,'.)/i0H""* PARTviOHAL PRESSU~tI0HE OISTRISU,

t0 ilOHTION *006

IF(NNI.EQ.O.OR.NN2.EQ.0) RETURN
WRITE46,'.00)
NI= NNI

is N2 =NN2
NIMALF =Nif2
N2HALF =N2/2

J1=MOO( NI, 2)
J12 = ?400CN2p2l

20 IHALF =NiHALF
IF(hi.Gr.N2) [HALF = N2HALF
IF(Ji.EQ.1) NIHALF =NIHALF+1
IFtJ2.EQ.1) N2HALF =N2HALF+i
00 10 I11,IHALF

25 10 WRITE(6,300) XX(I,i3,PP(I,ibXX(IGNIHALF,11,PP(I4NIHALF,I),
I XX(I,23 ,PP(I,2) ,XX(IGN2HALF,2) ,PP(1+N2HALF,2)
IF(NI.GT.N2) GO TO 30
IF(JI.NE-.I) GO TO 18
WRITE(6,310) XX(Ni-4ALF,1),PP(NIHALF,1),XX(NIrIALF,2),PP(NIr4ALF,2),

30 1 XX(NIHALF4N2HALF,2),PP(N1-IALF*N2HALF,2)
18 N2STOP =N2HALF

IF(J2.EQ.11 N2STOP N2HALF-i
NSTART =NiHALF+i
0O 19 I=NSTART,N2STOP

35 19 WRITE(6,320) XX(I,2),PP(I,2),XX(I+N2I4ALF,2),PPEI*N2HALF,2)
IF(J2.NE.1) GO TO 50.
WfRITE(6,320) XX(N2HALF,2) ,PPCN2HALF,2)
GO TO 50

30 WRITE(6,340) XX(N2HALF,1),PP(N2HALF,i),XX(N1IHALF+N2HALF,1),
4.0 1 PP(NIHALF.N2H)ALF,I),XX(N2HALF,2),PP(N2HALF,2)

33 NISTOP =NIHALF
IF(JI.EQ. 1) NISTOP =NIHALF-1
NSTART = N2HALF+l
00 39 I=NSTARTgN1STOP

'.5 39 WRITE(6,340) XXI,1),PPP~i,,XXU.+NJIALF,1),PP(INIHALF,1)
IF(JI.NE.1) GO TO 50
WRITE(6,340) XX(NlIALF, 1) ,P(NiHALF~i)

50 CONTINUE
RETURN

50 200 FORMAT(1Hi,'.(f)7X,i2At0)
300 FORMAT(12X,2(l0X,4FlO.61)
310 FOPMA[( 22X,2Fj0.6,30X,'.FIO.6)
3202 FORMAT(?2x,'.FlO.6)
340 F'ORMAT(22X,'.Fl0.6, i0X,2FlO.b)

55 '.00 FORMAT(f35X,13HUPPER SUFRFACE,37XI3HLOWER SURFACE//10X,
1 2(10X,2(8X,lHX,9X,2HPO) I

END
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SUBROUTINE INVELOC.(L,J)
CO"PONFCOMNNINN
COMPON/ACOMIX, XA,VN,VS,H,DT ,TO,PO,RO,UO,VO,ftMO, DUO,
1 T(2,1U),P(2,10),R(2,1O)gU(2,10),V(29101,RN(2,10),DU(2,10)

5 C0¶4WONIYUVSAW/ NNINIT,NNO,NNOWN
i ,TUVi(60,TySP~t10),Us;PR(10),VSPUtI103,UV2(66)
O(AOpAiA2,Zl = AO.AIOZ*A2*Z*7
IF(J.EQ.2) GO TO 2
NN =NNO-t

10 0O 1 K1i,NN
T(J,K) = YSPRIK)
U(JK) USPR(K)

I VfJfKl VSPRMK
YO YSPR(NNO)

Is UO USPR(NNO)
WO W SPR(NNO)

2 IF(L.EQ.I) GO TO '.
IF(L.GE.3) GO TO 3
WRITE(6,310)

20 CALL LGRNGN(VO,W(J,NN-1),V(J,NN-2),VIJ,NN-3),0.0,Y(J,NN-I)-YO,
£ Y(J,NN-2)-TO,Y(J,NN-3)-YO,7(JNN)-YO,V(J,NN)I
GO TO 5

3 WRITE(6,3201
Ti T(J,NN-2)-T(J,NN-1)

25 12 = (J,NN-3)-Y(JqNN-11
CALL AISU3(Y1,Y2,V(J,NN-i),V(J,NN-2),V(J,NN-3),AiVI
CALL A2SUB(YI,Y2,v(J,NN-1) ,V(J,NN-2) ,V(J,NN-3) ,A2VI
V(JNN) = O(V(J,NN-1),AIV,A2V,!CJ,NNI-Y(J,NN-1)I
GO TO 5

30 4. WRITE(6,3001
5 WRI!Ei6,'.I00

NNPI NNil
INALF NNPiiF2
K =MOD(NNPl,2)

35 THALF1 IHAIF
IF(K.QE.i) IHALFI=IHALF+i
00 10 I=I,IHALF
IFf(I+IHALFl).FO.NNPl) GO TO 7

6 WRITE(6,'.10) T(J,T),UtJ,I),V(J,T),Y(J,I4IHALFI),U(J,Ii.IHALFI),
4.0 1 V(J,I*IHALF1)

GO 'TO it
7 WRITE(6,9,it) Yt(,I),U(J,I),V(J,I),YO,UO,VO

10 CONTINUE
IF(K.EQ.0) GO TO 12

4.5 WRI-TE(6,',iO) T(IHALFi,J),U(THALFI,J),V(IHALFI,J)
12 IF(J.EQ.1) VSPRfNN) =V(J,NN)

RETURN
300 FORMAT(//I7X ,'.OH*%IN'rERME0IATE VELOCITY DISTRIBUTION***)
310 FOR?4AT(/f34X,66Hv*IINTER~rDTATE VELOCITY DISTRIBUTION USING LAGRAN

50 IGIAN FUNCTION'"v)
320 FORI4AT(/f3'.X,65H"'WINTERMEDTATE VELOCITY 3ISTRI9UTION USING PARABO

ILIC FUNCTION"*)
4.00 FORPMAT(/IVX,2(l9y,IHY,gX, 1HU,gX,iHV))
4.10 FOR?'AT(20X,2(I0X,3Fl0.6) ,
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SUBROUTINE ARFL(XA,-xe,yB,OYs,OOYa,jl

C THIS SUBROUTINE DETERMINES THE T COORDINATE AND ITS FIRST AND
C SECOND DERIVATIVES AT A POINT ON THE AIRFOIL

5 C
COMMON/PTARFL/XX('.0,2) ,YY(4.0,21 ,A'4('.,2) ,CA ,SA
IF(XA.GE.1.0) GO TO 60
00 10 1=1,40
IFIXA-XX( I,J)) 20,20,10

10 10 CONTINUE
XA =10000.
RET URN

20 IF(I.GToi) GO TO 30
XA = 0.001

15 YA=0.001
OVA AM(1,J)
DOVA = -4..'AM(iJ)-2.'AM(2,J) *6.'(VV(2,J)-VV~iJ~Jf

1 (XX(2,J)-XXCi,J)3)IIXXI2,J)-XX(1,J) )
GO TO 40

20 30 N XX(IOJ)-XX(I-19J)
X2FBXA = XX(IJ)-XA
XAMXi XA-XX(I-1,J)
VA =AMCI-l9JlwX2MXA*2*XAMXi/H'%2
VA =VA-AM(I,J)6XAMXl**2X2MXA/H**2

25 VA AYI-v)XXA2(2*AXH)H3
VA = A4+YV(I,J)'XAMX1*2'C2.*X2MXA+H)/H"63
OVA =AM(I-1,JI'X2MXA'(X2MXA-2.*XAMXi)/MH2
OVA = DVA-AM(I ,J)'XANX1'C 2.'X2MXA-XA4X1)fH*92
OVA = OYA'*6.*(YV(IJ)-YY(I-i,J)flX2MXA-XAMXI/lH'3

30 DOVA =-2.OAN(I-1,J)*(2.#X2MXA-XAMX1)#H"*2
ODVA = OOA+2.*AM(I,J)' (2.*XAMXI-X2MXA)/H'92
ODYA = ODA#6.'(YY(I.,J)-TY(I-1,JI))(X2MXA-XAMXIJ/H'*3

4.0 IF(J.EQ.2) GO TO 50
X8zXA*CA+YVA'SA

35 VS = VAOCA-XA*SA
OVO = IOVA*CA-SA)f(CA+OVAfSA)
DOYB = DODAO(CA-OYB'SA)**3
RETURN

50 X3 =XA*CA-YAOSA
'.0 VB = VA*CA#XA*SA

DT8 (9VA*CA.SA)/(CA-OVA*SA)
DOVO BOTAI(CA-SA'DVYA)093
RETURN

60 XB =1.0
4.5 V8 = SAfCA

DYs = T
Doys 0.
RETURN
END
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SUBROUTINE LGRNGN(AI,A2,A3, A',Xl, X2,E3,X',X ,A~4S
Fl r -XI
F2 r X-X2
F3 X-XJ

5 F4 = X-X'.
F12 2X1-X2
FI3 = XI-X3
F14 = XI-X'.
P21 X2-Xl

10 F23 =X2-X3
F24. =X2-X'.
F31 =XJ-Xl
F32 = X3-X2
F34 = X3-X'.

15 F41= Xl X
F42 = X'.-X2
F4.3 =XL.-X3
01 F12*FI34FI4
02 =F21OF23*F2'.

20 03 =FSi*F32IF3'.
04 = P'.1*F42*F'.3

Ul= F2fF3*F'.
U2 = F*F3*F'
U3 =Fl*F2OF'.

25 U4 = FI*F26F3
ANSI= AI*Ui/Di*A2*U2/02
ANS2 A3*U3/D3A4*'U'./D4
ANS =ANSI4ANS2
RETURN

30 END

SUBROUTINE A 1SU~3(Y1,Y2, UOUIU2 ,ANS)
Fl Y2wY2*Ui
F2? Y1'YI*U2
F3 =Y2*Y2-YI*Yl

5 F4 = Y2-Yi

ANSI = FL-F2-F3*UO
ANS? F4*F5
ANS =ANSI/ANS2

10 RETURN
END

SURROUTINE A2SU3 (Yi,Y2,UO ,UlU29ANS)
F1 -Y2*Ui
F2 = Y1'U?
F3 =Y?-Yi

5 F4 Y*Y
ANSI = i+F2+F3*UO
ANS2 = 3*F4
ANS =ANSI/ANS2
RE TURN

10 END
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SUBROUTINE DIST(MINDY1,OVSqOVil
C
C THIS SUBROUTM~ 'ERFORMS A FLOW INTEGRATION STEP ON THE STAGNATION
C STREAMLINE IN Tr-- UPSTREAM SOLUTION

5 C THIS SUBROUTINE INCLUDES THE EFFECTS OF THE ;ROSS VELOCITY GRADIENT
C ,DVDO, IN DETERMINING THE FLOW CONDITIONS FAR UPSTREAM FROM THE AIRFOIL
C

COMMON C OCK pis ,FM ,ALPHA
COP4MON/ACOMIX ,XA ,PIN ,VS 9H toy

10 1 ,YD ,PO ,RO quo two IRMO ,DUD

2 ,y(2,i03,P(2,iO3,R(2,10),U(2,10),V(2,1O),RM(2,10),OU(2,1O)
COMM4ONIBCOM/ XO ,OVOO ,L
COvIMON/OCOM/ ORHU(2) ,DPRU(2) ,ORUV(2)
DIMENSION ZVS(51#ZV1(0qZYi(5)

Is DATA ZVi,ZVS,ZVII 15*0.0
J=2

00 700 K=2,5
RN z(K-1)/2

20 RNH =RN/2.*.H
AYI YD'M+ZYi(K-ilq`RNH
AVS =VS.ZVS(K-1)*R'IH
AVi= V094
IF (AVS - AVil 200, 100, 100

25 100 IF (C - AVSV02) 200, 300, 300
200 X =-1.

RETURN
300 ARI= ((C - AVS*02 )/(C 1 .)1042.5

API= ARI
4
'i.'.

30 AUl SaRT(AVS"42 -AVif*2)

AX =X + RNH
YTID AYI+Y(IN)
Y20 =Y(JN)+Y(I#N)
YZ± = (JgN)-AYI

35 YIOSQ = io'Y1O
Y20SQ =Y20*Y2O
YIDOU =Y1OS~vylOSQ
Y20OU = Y2OSQ*Y2OSQ
DY = -V(IN)/UCIpN)

4.0 DYI= AVi/AUl
DY? V(J,N)/U(JgN)
D YlO6Y2O*Y21
00 =-Y21*(Y2O+YlO)OY + Y20'(Y2i-YlOl*Of1 *ylO'(Y21*Y23)fDY2
EY2 Y20SQ-YIOSQ

'.5 ALOC =R(IN)*U(ItNl
ALOY -ALOC#V(It NI
ALIC ARlfAUl - ALOC
ALlY ARI*AUI*AVI - ALOY
AL2C =R(J,NI*U(J,NO -ALJC

50 AL2Y = Z(J,N)*U(JN)*V(J,N) -ALDY
AiC (ALiCWY20SQ-AL2C*YIDSQ)/D
AIY (ALlY*Y2OSQ-AL2YvYlOSQ)/0
A2C (AL2C*YIO - ALiC*Y20)i'0
A2Y =(AL2Y*YiO - ALIY'VY20)/D

55 F1=Yl0*(O-EY2vY1O/2.+ViOSafY21/3.1
F2 YlOSO'Y20*(Y20/2.-YiO/3.)
FCl = ALiC+2.'AL2C
FC2 = Y20 -Y10/3.
FC3 =ALIY.2.*AL2Y

60 FC4 = Y1O/2. -Y20/3.
FC5 = ALiC-AL2C
FCb YiO-Yý1~3.
FC7 AiC/2.1-Y2O*A2C/3.
FC8 = ALIY-AL2Y

65 FC9 =AIY/2.4'Y20*A2Y/3.
F3C= -Yl0QUfDRHU(J)/6.
F3C = F3C +(-AL1C'O+Y1OS4'(YIO'FCj/3.-Y20'ALiC))*OY
F3C =F3C -2.*AL2C'YlOS0*r1013.*DYl
F3C = 3C *ALlC*Yl0SQ*FC2*DY2

70 F4C = 3C -YlOSQ*(AiC/2.+Yl0*A2C/3.)O0D
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F3Y =-YIOQU'OIRUV(J)fb.
F3V F3Y *(-ALIY*D .-Y1OSQA(iYO'FC3/3.-Y20'AL1YP)'OY
F3Y =F3Y -2.*AL2Y*YLOSQOYLO/3.*DYI

75 F3Y =F3Y *ALiY#YiOSQ*FC20OY2
F3Y =F3Y -YiOSQ*(AlY/2.+YIO*A2Y/3.)*DO

F4. Y20*11 + Y2O'C-EY2/2. + Y20*Y21/3.))
F5 = 20QU/6.

so FbC =-Y.)wY2OSQ*FC4*DRHU(J)
F6C =F6C G(-AL2C'O4Y20SI'(AL2C'YIO-ALIC*YeO.Y2O'FC5/4S.)I'OY
F6C =F6C -Y2OSýA'(AL2C'Fý164'YI-2. 'Y2O'ALIC/3. 0V2+FCIt)DOI
FbC =F6C *(tVJ,N3*V(JN)+FUI,N'*V(r,Nf*D
F6Y = YoYOI*CfRVJ

85 FbY =F61 *t-AL2Y*O *Y2OStU'CAL2VY1YO-ALIY'Y20+Y2O#FCS/3.))*OY
F6Y =F6Y -Y20SQ*(AL2Y*FC6*OYI -2.*Y2O'ALlV/3.#DY2,Fý9*DD)

I vCI ,N)*V (,N) )*r)
D'L =F1*F5 - F2*FL.

90 EZ F4*F3C - FI*F6C
E6 = F4*F3Y - Fi'F6Y

ZVI(K) (E6 -AVl*E2)/(A,11AU'J~DEL)
700 ZYI(K) DYI

95 ovs = (ZVS(2) * 2.*(ZVS(3) + ZVSC'd) + ZVS(5))/6.
DVI = (ZVI(2) + 2.*(ZVI(3) + ZVI(L.)) + Zvi(5))/6.
011 = (ZYI(2) + .*#(ZYI(3) + ZYI(L.)) + ZY1(5))/6.
RET UR
END
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SUBROUTINE STMRINvT,OY,OVS)
c
C THIS SUBROUTINE PERFORMS AFLOW INTEGRATION STEP ON THE STAGNATION
C STREAMLINE IN THE UPSTREAM SOLUTION

5 C THIS SUBROUTINE NEGLECTS THL EFFECTS OF CHANGES IN THL VERTICAL
C COMPONENT OF THE STAGNATION STREAMLINE IN THE FLOW INTEGRATION
C

COMMON C ,CK ORS ,Fm ,ALPHA
COMM ON IA COMIX XA ,VN ,VS p H ,oy1

to I 'yo ,PO ,RO ,UO ,VO ,RMO DOUO
2. ,I(2,10)1,P(2,10),RI2,10) ,U(2,10) ,W(2,i10 ,RM(2,10),OU(2,l0)
COMMONIOCOMf ORHU(2),OPRU(23 ,ORUV(2)
DIMENSION ZW(5),ZVS(5),ZT(5)
DATA ZY,ZVS,ZT/15'0.0/

Is DO 700 K=2,5
RN =(K-i)12

RNH =RN/2.*H

AVS VS*ZVS(i(-i)*RNH
AT YO+ZY('(-1*RNH

20 At T *ZT(K-i)*RNH
IF (C - AVS0021 100, 300, 300

100 X =-1.
RETURN

300 AR = ((C - AVS*02 )f(C 1.- 0.
25 AP = AR "*1.'.

Y10 = AY.Yt2,N)
Y20 =Y(tN)tY(2,N)
ST = SINI AT)
CT = COS(AT)

30 O0? STfC1'
VNO = -U(?,N)OST -V(2,N)*CT
VN2 = -U(IPN)*ST *V(lN)*CT
VSO =U(2,N)9^T -Y(2,N)*ST
VS2 =U(IN)*CT 4+V(I,N)*ST

35 CALL AISUB(YIO,Y20, R(2,N)*VSO*VNO, 0. ,R(I,N) 'VS2'VN2,AIRUV)
CALL A2SU9(ViO,Y20, Vý2,N)OVSOWVND,0.0 ,R(I,N) 'VS2'VN2,A2RtUV)
OVOY =(Ai;ZUV + 2.OA2RUV'V1O) / (AR *AVS)

CALL AlSU3(YIO,T20,0(2,N),AP,P(I,N),AIP)
CALL A2SU9(YbO,Y20,P(2,N),AP,P(1,N),A2P)

4.0 OPDY =AlP 2.*A2P*Y1O

70O0 ZY(K) =DY
DVS =(ZVS(2) + 2.*(ZVS(3) + ZVS(4)) + ZVS(5))/6.

4.5 0? (ZY (2) + 2.*(ZY (3) + ZY (4.)) + 1? (51)/6.
OT = (ZT (2) + 2.*(ZT (3) + 7T 1'.)) + ZT (51)f6.
X X +H
VS VS + H*9VS
YO YO.H*DY

50 T T +HOO3T
UO VSOCOS(T)
VO VS*SINfTl
RO D -S f ) ( - . ) * .
PO R0941.4.

55 RHO= VS/S;IRT(1.4*CK*PO/RO)
RETURN
E ND
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SUBROUT'INE LUPIRf(PI, N'DvIOvSfOviI

C THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ON THE STAGNATION
C STREAMLINE IN THE UPSTREAM SOLUTION

5 C
COMMON c ,CK( RS ,FM ,ALPHA
C04MONfACOM/X ,XA ,VN ,VS ,H ,OY

i ,YO ,Po ,RO ,UO ,VO ,RHO ,OUO
2 ,Y(2,10),P(2,i0O ,R(2,10) ,U(2,10) ,V(2,10) ,RM(2,10),OU(2,101

10 COMMUN/OCOM/ ORHU(2) 9 OPRU 21,DRUV(2)
DIMENSION ZVS(5),ZVl(5I,ZYi(5)
DATA ZYI, LVSIZVII15*0.0/

IF4I.EQ.2) Jmi
is 00 700 K=2p5

RN (K-I)/2
RNH RN/2.wH
AYI YU*M+ZYlI(K-I)*NH
AVS VS +ZVS(K-i)fRNH

20 AVI =VO*M

IF (AVS - AVI) 200, 100, 100
100 IF (C - AVS**2) 200, 30U, 300
200 X =-1.

RETURN
25 300 AR1 ((C - AVS*42 )/(C -. )0.

API = ARl"Il.'
AUl =SORT(AVS*#2 - AV#*~2)
YlO AYi*Y(I,N)
Y20=Y (J ,N)+Y (I ,N)

30 Y21 =Y(J,N)-AYi
YiOSQ =YlO*YlO
Y20SQ =Y20IY20
YlO(uu YIOSO'YlOSQ
Yz00u= r2OS~fY20SQ

35 DY =-V(I,N~fU(t,N)
DYI AVI/AUI
DY?:= V(J,N)/U(J,N)
CT = I.0/SO.RT(1. * 3YIN''?)
ST =DYI/SQRT(l. + 3Y1'*2)

4.0 VNO =-UCI,N)*ST-V(I,N)fCT
VN2 =-U(J,N)*ST+V(J,N)*'T
VSO = U(I,N)*CT-VCI,N)*ST
VS2 =U(J,Nl'CT+V(JINI*ST
CALL AlSU,3(Yl0,Y20, R&(I,N)*VSO'VNO, 0. ,R(J,N)'VS2

4
VN2,AIRUV)

4.5 CALL A2SU3(YIQ,Y20, R(I,N)-VSO'VN3,0.0,R(JN)*VS2'VN2,A2RUV)
OVflY =(AI<UV + 2.*A2-UV*YIO) / (A-U'AVS)
0 YIO*Y20'Y21
30 -Y21*(Y2O4YIO)*9Y + YZJ*(Y21-Yl0)*OVI 4YIO*(Y21+V20)0OY2
EY2 Y20SQ-YIOSQ

50 ALOL R(I,N)fU(IN)
ALOY -ALOCIV(I,N)
AL IC ARIIAUI - ALOC
ALlY ARI*AUI*AVI - ALOY
AL2C o '(J,N)vU(J,N) -ALOC

55 AL2Y R(J,NI*U(J,N)'V(J,tJ) -ALOY
AIC (ALlC'v20S3)-AL2r'*Yl0Sý)/D
AlY (A~lY*Y20SQ-AL2Y*Yl05C3)/9
A2C ( ALCOY10 - ALlC*Y20)/O
AY (ALZYIYlC - ALIY*Y20)/)

60 Fl =YIQ' (0-EY2*YIO/2. 4V OS2'V21/3.1
F2 Yl0S0',Y20*(Y2O/2.-YiO/3.)
FCl ALIJ*2..*AL2C
FC2 = Y20 -Y10/3.
FCJ ALIY+2?.*AL2Y

65 FC4 = Y10/2.-Y20/3.
FC5S ALIC-AL2C
FC6 = Y10-Y20/3.
FC7 =AlC/2.+Y20*A2C/ý.
FC6 ALIY-AL2Y

70 FC9 =AIY/2.*Y20*A2Y/3.
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FSC z -YiOQU*DRHU(JI/6.
F3C z rC ,(-ALIC'O+YIOSQ'(Y1O'FCI/3.-Y2OlALIC)J'OY
FJC = 3C -2.*AL2C*YIOSQOY10/3.*OYI
F3C z F3C +ALIC*YIOSQ*FC2ODY2

?5 F3C z F3C -Y2OSQ*1A1C/2.+YlO*A2C/3.1*OD
F3C z F3C +(ARI*AVI1*t(XN)V(I,N))fo
F3Y = -Y1OQUODRUV(Jlf6.
F3Y zsF3? *t-ALIY'O 4?jOSQ'(YIO9FC3/3.-Y2O*AL1VHO*Y
F3Y aF3Y -2.*AL2V*YLOSQ*YlO/3.ODYi

so F3V z F3Y #ALiYVVIOSQOFC2*0Y2
F3T 2 FIT -YIOSQ*IAlY/Z.*YIO*A2Y/3.)D0
FIT a F3Y +(KAIAIAIAICO(OJRINO(OIVIjv
F4 = Y20010 + Y2Ot(-EY2/2. + Y0O'Y20P3.d3

F5zY20QUf6.
85 F6C =-1'1j*Y20SQ*FC4*URHU(J)

F6C z F6C .(-AL2C'O4Y2OSI'E4L2CV1IO-AL1CfY20+Y20'FC5/3.)bODY
F6C =F6C -Y2OSQS(AL2C'Fý6'IJ1i-2.*Y2O*ALIC/3.V9Y2.FCT'O0b
F6C = F6C ,(VtJN3*V(JN),R(1,NI*V(I,Nfl*O
F6Y = -YiOfY20SQ*FC4*DRUV(JO

90 F6V = F6Y *(-AL2YOD *Y2OS(A*L2Y*YIO-ALiY'Y20+Y2O0FCSI3.))OVY
FbY = F6Y -Y2OSQ*(AL2Y*FC6*UYI -2.*Y20ALiY/3.*OYZ4FC9*00)

I V(IN)*V(I,N)I '0
DEL =Fi*F5 - F2*F4

95 4.00 E2 =F4*FJC - FIOF6C
E6 F4*F3Y - FI'F6Y
ZVS(I() =OVDYI(AVS'Z2ARJ/(1.'.'CK'API)-.I)
ZVIM = (L6-AVI*E2)/(ARi#AUivDEL)

700 ZYl(K) =DYI
100 DVS = ZVS(2) + Z.*(ZVS(3) +ZVS(4)) + LVSC51))f.

RET U
END
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SUBROUTINE OUNS(M,I)
c

c THIS SUBROUTINE PERFOR4S A FLOW INTEGRATION STEP ON THE MLXT TO THE

C OUTERMOST STREAMLINE
c

COMMON C ,CK ORS #;4 ,ALPHA

COM94ONIACOMfX ,XA ,VN ,VS ,m voV

I ,YO 'PO :to ,UO ,VO ,RMO #Duo

2 ,,( 2 ,ig),P(2,iO),R(2,10),UC2,II3),V(2,i0),RM(2,I0IDu(Z,lO1

10 COMMON/OCOM/ DRHU(2),D0UC2)93RUV(2)
OIMLNSION ZUi(5),ZVI(5)tZyi(5), ZRHLJ(51ZPRU(5),ZRUV(51

OATA ZUIZVIZYI/ 15*0.0
Y20 = V(Ii) -YOOM
Y20SQ =Y20fY2O

15 Y20OU =Y20SQ*Y20SQ
OT M*VO/UO
ALOC =ROW UO

ALOX =CI(' PO + ALOC* UO

ALOY zM* ALOCOVO

20 AL2C z1. - ALOC
AL2X =CK + 1. - ALOX

AL2'y= - ALOY

00 ?00 K=2,S
RN = (K- 1) /2

25 RNH = RN/2.fH

AU1 U(I,2)4ZUI(K-I)*RNH
AVI =V(I,2),ZVI(K-i)*RNH
IF (C - AU16AUI - AV1'AVI) IOU, 300, 300

30 100 X =-1.
RE TURN

300 AR1 ((C - AU1'AUI. - AVI*AVI)/(C, - i.))**2.5

API =AI*.
i =AYI -YO*M

35 Y21 = Y(I,1)-AYI

VIOSQ YIofVIO
OYI = AVI/AUl
O YiO'Y20*Y21
UO -Y21*(Y20+YIO)*GY + Yd0*(Y21-YI0)*Df1

6,0 EY2 =Y20SQ-YlOSQ
ALIC =ARI*AUI - ALOC
ALIX zCK*AP1 + ARIVAUI*AUI - ALOX

ALIY =ARIwAUI*AVI - ALOY

AIC =(ALiCfY20SU-AL2C*YIOSQ)/O
45AIX =(ALiX*Y?0Sa-AL2X*YIOSQ)/0

AtY = (ALiY*Y20S0-AL2Y*YI0SQ)/0
A2C =(ALC*YIO - ALICOY20)/D

A2X =(AL2X*YIO - ALIX*Y20)/J
A2Y =(AL2YfYI0 - ALIY*Y20)/D

50 Fi = YIj*(D-EY2*YIO/2.#YIOSQOY21/3.)
F2 YIOSJ~y2 0w(Y20/2.-YI0/3.)
FCl ALIC+2.*AL2C
FC3 =ALiY+2.*AL2Y
FC5 AL1C-AL2C

55 FC6 YIO-Y20/3.
FC7 AIG/2.+Y20'AC/3.
FC8 ALIY-AL2Y
FC9 AIY/2.+y20*A2Y/3.
FCA ALIX+2.*AL2X

60 FOU AIX/2.4YIO*A2X/3.
FCC ALIX-AL2X
FCO AIX/2.+Y2O*A2X/3.
F3C (-LCDYO'*YOFI3-2*L:)D
F3C- F3C -2.*ALZC*YiOSQ*YIO/3.*DYi

65 F3C = F3C -VYflS~j(A1C/2.+YIO'A2C/3.)*D0
F3C =F3C +(AýI*AVI-.t0wv3*M)*
F3X =(-ALIXL)+Yl0SQ(YI0RFý;/3.-Y20'1L1X))IOY
F3X =F3X -2.*ALX*YI05Q*YIO/3.*0Yi
F3X =F3X -YI0S>J*FC3OO4+ALIY*0

70 F3Y = -LY J YO ) (lIF 33 -Z O L Y I J
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F3V a F3Y -2.'*L2Y*IIOSQOTIO/3.071I
FSI * F37 -YIOSQw4A1YI2.fY1O*A2Y/3.)*DO
F31 a F3Y *4CK'AP14ARI1AV1'AVI-CKPO-OOVU'VOI~o

F4a Y20O(D + 1200(-EVUj2. + Y201Y21/3.1)
75 F5 z 12OQUfb.

F6C 2 (-AL2C'O,12O0cQ'(AL2CYI1O-*L1CY2OI23*FC5f3.d)5O1
F6C =F6C -Y20SQ*(AL2C*F06*OYI+FCODD)
FbC a FbC -ROO'V*q'D
F6X z (-AL2XD+IZ~oSQU(AL2X11O-AL1XOY20+12O#Fi.CI3.dIWOY

SOFBX =F6X -IZOSQ*(AL2XPFC6ODY1+FCO'ODO3AL2Y*D
F = (-AL2v*D+I2OSQ2*(AL2I'I1O-ALIY'V2O*YZO*FC83J.))'Ov

F6 x FbI -V2OSQ*(ALZI'F;60011*FC90OO)
FBI z FbI +(CKO 1.-PO) -ROOVOOVO)40

D EL z FIOFS - F20F'.
65 E2 a F4*F3C - FIOF6C

E4 = F4.FSX - F1PF6X
E6= F4*FSY - Fl*F6Y

CDI = DELO(jI.4OCKOAPi/A~i - AUi*AUt)
ZUI(K) =((CK1l.4fAPi/ARI *AU1*AU±)*M2 -AUIOE4)/EARI*COI)

90 ZVIM = (E6 -AV1'E2)i'(ARi*AU1wDEL)
Z.RHU(K)= E2/DEL
ZPRUIK)= E4OEL
ZRUV(K)= E6/OEL

700 ZYIEK) = YI

011 (ZYi(2) +2.*(ZYI(S) + ZYI('.)) + ZYI(5))f6.

OPRU(1)= (ZPRU(2),Z.*(ZPRU(3),ZPRU(Ld ).ZPRJ(5))/6.

100 ORUV(1)= (ZRUV(2).2.*(ZRJV(3)+ZRUV(4) i+ZRUV(5))/6.

V(1121 = (I,2) +H*DVI
Y(1,2) = (1,2) H*HOYi
VSQ = U(I,2)*U(I,2)+V(lp2)*V(1,2)

105 R(1,2) CVjf(1.w25
P(1,2) R1,01.
RM(I,2)= SQRT(VSQ'R(l,2)/(1.4.CK(P(I,2)))
RE TURN
END
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SUBROUTINE INAS(MINIJ)
c
C THIS SUBROUTINE PERFORM4S A FLOW INTEGRATION STEP ON rHE NTH STRIP
C IN SOME CASES THIS SUBROUTINL PERFORM4S A FLOW INTEGRATION STEP ON

SC THE STAGNATION STREAMLINE
C

COMMON C PCK ,r~S ,FM ,ALPHA
COMMN/MACOM/X XEA ,VN ,VS ,H ,DY

I 'YO ,PO ,RO ,UO ,VO IRMO DOuo
to 2 ,7(Z,iO),P(2,10),R(2,10),U(2,10hoV(2,10),RM(2,iO),OU(2,i0)

COMMON/OCOM/Cs ,CZ ,)Vl 9ý1 ,DQl ,RK

1 ,VDO ,ISKIP
COIMON/OCOM/ 0RHU(2),OPRU(2),LlRUV(2)
DIMENSION ZUi(5),ZVI(5) ,ZYI(5), ZRHJ(5),ZPRU(5),ZRUV(5)

15 DIMENSION ZUO(5)#ZVO(5)
DATA ZUO,Ei,E3 ,E5/BL0. 0/
DATA ZUI,ZVI,ZYi/ 15*0.0 /
Y20 =YII,N-1)-YOIM
Y20SQ =Y2O*Y2O

20 Y20GU =Y20SQOY20SO
00 700 K=2,5
RN KI/
RNH RN/2.*H
IF(N.El.IJ) GO TO 40a

25 AUO = U0
AVO =VO*-M
ARC R
APO = PO
GO TO 220

30 40 AUD JO4+ZUO(K-I)*R4H
GO TO (50,60,80),ISKIP

50 AVO = VOO*EXP((1.-X)*RK)
GO T0 90

60 AVO =AUO*OY
35 GO TO 90

50 CONTINUE

90 CONTINUE
IF (G-AUOwAUO-AVOfAVO) 100,idO,180

'.0 100 X = -1.
RETURN

180 A.RO =((CZ-AUOPAUO-AVO'AVO)/(CS*(C-1.)J)0'2.5
APO =ARO**1.4*CS

220 AYI =Y(I,N) +ZYi(K-1J
0
RNH

4.5 AUI U(I,N)+ZUI(K-l)vRNH

I F (C - AUI*AUI - AVtAVI) 100, 300, 300
300 ARI = ((C - AUlwAUI - AVIOAVI)/(C - .105

API= AR1*11.L.
50 YIU =AYI-YO*M

Y21 =Y (IN-1) -AYt
y IOSO = YIO*YIO
Y1O(QU =YIOSQ*Y1OSO
DY AVO/AUO

55 OYI AVI/AUI
0Y2 V(I,N-I)/U(I,N-1)
D YIO*Y20*Y21

OD -Y21*(Y2O+YiO3OOY + 20*1Y21-YIJ)*OYI 4'V2OO(YZI+Y20)'LJY2
EY2 =T20SQ-YIOSQ

60 A LOC =AROUAUJO
ALOX =0CKfAPO+ALOC'AUO
ALOY = ALOC*AVO
ALIC = APIOAUI - ALOC
ALIX CK*API + ARI*AUI*AUI - ALOX

65 ALlY =AR10AUI*AVI. - ALOY
AL2C= R(1,N-1)*U(I,4-I) -ALOC
AL 2X CK*.'(I,N-I) +:kI,N-1)9U(I,N-I)fU I,t4-t1 -ALOX

AIC (ALlC*Y2USO-AL2C*YIOSQ)/O
70 AIX = (ALIX'Y2OSý-AL2X*YIOSQ)/D
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ALT a (ALlY*Y20SQ-AL2Y*YIOSQ)/D
A2C a (AL2C*YIO - ALIC*Y2O)/O
A2X a (AL2XfYI0 - ALIX0120)OD
A2T (AL2?*710 - ALiY*Y20)/O

75Fl 2 YIO*D-EY20y10/2..YI0SQOY2i/3.)
F2 Y ?1S0'T2O*IY2O/2.-ViO/3.)
FCI z ALIC+260AL2C
FC2 2 20 -Y-10/3.

FC3 st ALIY*2.OAL2Y
to FC'. z VIO/2.-Y20/3.

FC5 z ALiC-AL2C
FC6 a 110-Y2013.
PC? = AIC/2.*120*A2C/3.
FC8 ALLY-AL2Y

65FC9 zAIV/2.*720fA2Y/3.
FCA =ALIX.2.*AL2X
FCB = AIX/2.+YiOfA2x/3.
FCC =ALIX-AL2X
FCD = A1X/2.+Y20*A2X/3.

90 F3C =-Y1OQU*0RHU(I3/6.
F3C =F3C .E-ALiC*04Y1OSI'(Y1D'FC1/3.-Y23OALIC))DOY
P3C = F3C -2.vAL2C'VlDS~f?1O/3.fOYi
F3C = 3C *ALtC*Yl0Sa*FC2*0Y2
F3C = FC -YiOSQ*(AiIC2.+YlO*A2C/3.d'DD

95 F3C = 3C+(ARi*AV1-ARO*AVO)OD
F3X =-YLOQU*3PRU(II/6.
FSX = 3X ,(-ALIX'0,Y1OSI'(YIO'PCA/3.-Y20'ALLXI)'DY
F3x = 3X -2.*AL2X*YIDSQOYlO/3.*OYI
F3X =FSX ,ALIX*YIOSQ*FCZ'r)Y2

Lao F3X = 3X -Y1OSQ*FCB*DD.ALIY*D
F3? -YIOQU*ORUV(11/6.
P3? P3Y *(-AL1Y#G 4+YIOSQ'(Y1O'PC3/3.-?20'ALIY)I'0?
P3Y = F3? -2.*ALzv*YiOSa'YiO/3.*DY1
P3? = P3? *ALIYOYlDSQ*PC26DY2

105 P3Y = F3Y -YIOSQ'(AIY/2.+Yi1DA2Y/3.)600
P3Y = F3Y+tCK'APIGA~i1AVI'AVI-CK'APO-AR0'AVU AVO) '0
F4. Y20*(D + Y200C-EY2/2. + Y20*Y21/3.1)
F5 Y200tJ#6.
F6C = -Y1J*Y20SrI*FC4*DRHU(I)

£10 F6C = F6C *(-AL2C'D+Y20S~A'CAL2C'YID-ALlC'Y20,Y20'PC5i/3.Jb'DVy
F6C =F6C -Y2DS~' (AL2CF'F.6'DYl-2.'?20'ALIC/3.'DV2+FCTSDO)
F6C =F6C.(fR(IN-1)'V(1,14-1)-ARO'AVDISO)
F6X =-Y1O*Y20SQ*FC4*DPPU(I)
PbX = F6X +(-AL2x'i3*Y2DSL'(AL2X'Y1D-ALiX'Y20,YeO'PCC/3.))'DY

Lis F6X = F6X-?20SQ'(AL2X'PC6'DYI-2.'?20'AL 1X/3.'0Y2#PCDDO0)+AL2Y'O
F6? = -YiO*Y20SQ*FC'.'ORUVCIl
Fb? =B *6 (-AL2Y*D *?2DSU'(AL2Y'YIO-ALIY'Y20+YZ0'FCB/3.)I*DY
FbY = F6Y -Y20SQ*(AL2Y#F:6*OYI -2.fY20*ALIY/3.*OT2+FC9SUO)

120 l-ARCfAVD'AVOJ'D
DEL = PI*F5 - FZP4F
IF(N.LT.IJ.0R.IJ.LE.1) GO TO 400

380 El P 2*FSC-F5*F3C
E3 =ZF2*FX-F5*F3X

125 E5 = 2fP6Y-F5*F3Y
ZVOM = (E5-AVO*EX)/(ARO*AUO*OEL)
COD =DELVC1.4CK#APO/ARO-AUO*AUO)
ZUOM = ((CKl1.4'APO/ARO+AUO'AUD)'E1-AUD'EJ) /(ARU'CDO)

400 E2 = 4*P3C - F14F6C
130 E4 = F4*F3X - Fl*F6X

E6 = P'.'P3Y - PI*F6Y
COI OEL*(1.4*CK*API/AIi - AUi*A'J1)
Z.RHU(K)= 2/OEL
ZPRU(K)= E4/OEL

135 ZRUV(K)= £-6/DEL
ZUlIM = ((CKwj.4fA

0
1/Ail +Ai'JIAJ1I'E2 -AUI'E4D/(ARI'CDI)

ZVi(K) =CEB-AVi*E2)I CARI*AUi*DFL)
ý700 ZYV(K) = 311I

Ovj = (ZVI(2) * 2.*(ZVI(3) + U~i(4)) + ZVI(5)ii'6.
140 DYI =(ZY1(2) * 2.*(ZYICS) ZYI('.3) + ZYI(5))/6.
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DU(1,N) ( ZU1(2b+2.0(ZU1(3)+ZU1 (41)*ZUI(5D)/6.

IF(IJ.LE.1) GO TO'70L.
IF(ISI(IP.EQ.L) GO TO 710

704, OIRNU(I) z (ZRHU(21+2.*(ZRHU(3) .ZRHU('d)#*ZRHJ(5S) /6.
11.5 OPkcU(I)z (ZPFRU(2D.2.'(ZP'(U(3) #ZPRU(4d *ZPRJ(Sb))/6.

ORUV(13: (ZRUV(2)G2.*(ZP&UV(3)+ZRUVI'.) +ZRUV(5))/6.
IF(N.LT.IJ.OR.IJ.LE.1) GO TO 72n
00 705 K-i,25
XA =XA.N*0.05

Ise CALL ARFL(XAtXBPYO,o3y,OU4,I)
IFEXB.GT.X) GO TO 710

105 CONTINUE
710 DUO: (ZUO(2).2.*(ZJO(.S)fZUO(4JI+ZUO(5I)/6.

UO =UOHNOIJO

155GO TO (714,715,?16),ISKIP
714 VO =VOO*EXP(ti.-X)*RK)

YO =YOGH*VO/UO
GO TO 718

715 VO =UO*OY
160 GO TO 718

716 OVO = (ZVO(2I+2.#(ZVJ(3)ZVO(4))+2VOV,))/6.
VO =VO+HfOVO
VSQ = UO*UO+VQ*VO
UO =SQRT(VSQ/(l.4DY*DYfl

165 Vo = : o

7113 VSQ =UO*UO+VO*VO

Po0 CS*RO**i.L
RMO = SQRT(RO*VS4/(l.s4wCK*P0J)

170 720 U(I9N) =U(IPN)+H*OU(I,N)

17V(I,N) =VIN+*V

01 SaRICVS'I)
Oil (U(I,N1*DU(I,N)4v(L,N)'lvi) /01
RE TURN

ISO ENO
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SUBROUTINE IN8O(NpI)
C
C TH4IS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ALONG THE
C STAGNATION STREAMLINE

s C
COMMON C ,CK 9 AS ,FM ,ALPH4A
COMMON/ACOM/X XEA #VN W;~ #M ODY
I ,Yo ,PO ,Ro quo ,VO ,RMO ,OUO
2 ,Y(2,1ObvPC2,1O),R(2,LU) ,U(2,1O) ,VUI1UI Rm(z,10olU(2,10)

ICO?4MONlCcOM/X8 Ytl ,0YR ,OOYS qoUt8 ,P3
1 pus I4 RHO ,08 HS 9 . A
COMMON/OCOM/ 0RMU(2) ,0PRU(2D ,ORUV(21
DIMENSION ZUI(53, ZVI(5), ZYI(S), ZvS(5A, ZVN(Sb, ZB (5), ZUB(s)
DATA ZUI,ZVI,ZVS,ZVN,ZUB, Zi,LYi/3504.0/

is CT z I.ISQRT(L. + DYe'*2)
ST =UYB*CT
RAAO= A9S(i.f(CT"*3m0Y8I)
00 700 K =2, 5
RN=1.0

20 IF(K.EQ.2) RN=0.O
IF(K.EQ.5) RN=2.0
RNM= N2*
AYi = Y(I,N).ZYi(K-i)f4NH
AUI z U(19N).ZUi(K-L)*RNH

25 A~i VtI,N)+ZVI(K-11*RNH
IF (C - AU1*AUI - AVI*AVI) IOU, 3UJ0, 300

100 RM8 2.0
RE TURN

300 ARI = ((C - AUI*AUI - AVI*AVII/(C - .)*5
30 APi =ARI601.4

AVS =VS 4ZVS(K-i)*'INH*HS/H
AYN =VN #ZVN(K-i)#RNHvHS/H
AUO AVSOCT - AVN*ST
AVO =AVS*ST + AVN*CT

35 IF (C - AUO4*2 - AVOf*2) 100, 4.00, 400
4.00 ARC ((C - AUOwAU0 - AVOOAVO)I'(C - .)*5

APO =ARO*01.4
AUB =UB 4ZUt3(K-Ilf4HVHS/H
IF (C - AUB0"2) 100, 500, 500

'.0 500 ARB = ((C - AUBwAUB )ffC - .f*5
APB ARB*61.'
B 0= D3ZB(K-1)*RNH*HS/H
RASP RABOOBfCRA
AYO =YB .B'CT

4.5 YI10 AYI -AYO
Y20 2Y(IPN-1)-AYO
Y21 = (IN-i)-AYI
07 AVOIAUO
071 AVI/AUi

50 07Y2 =V(I,N-il/U(I,N-1)
0 = YLO*Y20'Y21
YIOS14 =YIO'qY1O
Y20SQ = 20OY20
YIOOU =YiOSQ*YIOSQ

55 Y20OU =Y2OSul'720SQ
00 -Y21*(Y204Y10)fDY + Y20*(Y2I-TIO)*O~l +YIO0(Y21.Y20)*072
EY2 Y20zSO-YIOSQ
ALCIC =ARO*AUO
ALOX =CK*APO + ALOC'AUO

60 ALOY = ALOC*AVO
ALIC =ARI*AUI. - ALOC
ALIX =CK*API * ARI*AUI*AUt - ALOX
ALIY = API*AUI*AVI - ALOY

AL2C = RCI,N-I)*U(IN-i) -ALOC
65 AL2X = CK*P(IN-1) *RCIN-1)vU(I,N-i)*U(IN-I) -ALOX

AL2Y = R(I,N-I)*U(I,N-i)*V(I,N-i) -ALOY
AIC = (ALIC*Y20SQ-AL2C*YIOSQ)/D
AIX = (ALIXfY2OSU-AL2XY4IOSQ)/O
AtY = (ALIY*Y20S4-AL2VY*Y0SQ)/0

PC A2C =(AL2C*YIO - ALlCOY20)/0
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A2X = IAL2X*Yio - AL1XfY20)/ED
A2Y z (AL2Y*YIO - ALLYOY201/0
Ft = lO'(D-EY2*11O/2. 4YIOSQ*Y21/3.)
F2 =YiOSQfY2O'(Y2Of2.-YIO/3.)

T5 FC= ALIC.2.*AL2C
FC2 =V12 -YI013.
FC3 =ALiY.2.*AL2Y
FC4 - YiC/2.-Y20/3.
FC5 zALiC-AL2C

so FC6 z YIO-Y2O/3.
FC7 =AIC/2.+Y2O*A2C/3.
FC8 =ALIY-AL2Y
FC9 =AiY/2.+Y20OA2Y/3.
FCA =ALiX.2.*AL2X

65 FCR AIX/2.,YIO*A2X/3.
FCC =ALiA-AL2X
FCC AIX/2.+Y29*A2X/3.
F3C =-YIOQU*DRHU(I)/6.
F3C F3C +(-ALiC*DYiOSI*(YIO'FCI/3.-Y20OALICfl'DY

90 F3C =F3C -2.*AL2C*YIOSQOYIO/3.DOY1
F3C =F3C *ALIC*YlOSa*FC2*DY2
F.3C =F3C -YIOSQ*(AiCf2.+YiOfA2C/3.)*DD
FIC =F3C *(ARIOAVI-ARO*AVOI*D
F3X =-YIOQU*OPRU(I)/6.

95 F3X= F3X *(-AL1X'D+YIOS2I'(YiOfFCA/3.-YZO*ALlx) L'OY
FIX =F3X -2.OAL2X*YIOSQ*VIO/3.0DY1
F3X =FIX *ALIX*Y1OSQ*FC2*OY2
FIX =F3X -YIOSQ*FCIP'Oi+ALIYfl
F3Y =-YIOQU*DRUV(I)/6.

100 F3Y =F3Y +(-ALIY*D *Y1OSQ#(YIO#FC3/3.-Y2O*ALlYJ) DY
F3Y F3Y -2.*AL2YgY1OSJ*YlO/3.*DYi
F3Y =F3Y *ALlY*Y1OSQOFC2*OY2
F3Y =F3Y -YIOSQ*(AiY/2.+YIO*A2Y/3.)PflO
FJY = F3Y +(KAIAPvV V0C*P-R*AOAO*

105 F4. Y20*(D + Y200(-EY2/2. +Y20*Y2113.1)
F5 Y20QU/6.
F6C -YiO*Y20SD'FC4*CRHJ(I)
F6C F6C +(A2*+2S*A2*I-~~Y0YUF~3)4O
F6C =F6C -Y2OSQ'(AL2C'FC6*JYI-2.*Y20'ALC1C3.'JY2#FC7'Q)U)

i10 F6C =F6C +((q-)VIN-)AOAO*
F6X -YlOvY2OSQ*FC4*OPtRU(I)

FX F6X +(-AL2X'D+Y2OS4U(AL2X'YIO-ALiX*Y2O4Y2O'FCCI/3.fl*DY
F6X F6X-Y2OSQ' (AL2XVFCSl)Yt-2.*Y2OtLlX/3.*DY2+FCDD0) +AL2Y'3
F6Y -YiO'Y20SQ*FC4*DRUV(I)

115 F6Y =F6Y .(-e.L2Y*O +Y2OSQ#(AL2Y*YIO-ALl1*Y20+Y2O4FCB/3.dI'DY
FbY F6Y -Y20SQ'CAL2Y*FC6L)YI -2.*Y2O*ALlY/3.*DY2+FG9*0D)

I-ARO*AVO*AVO)40
DEL =F1*F5 - F2*F4

120 El =F2*FbC - F5*F3C
E2 F'.'F3C - FI*F6C
E3 F2*FoX - F5*F3)(
E4. F4vF3X - FI*F6X
E5 F2'F6Y - F5'F3Y

125 E6 F4.'F3Y - F1 F6Y
COO DEL*(1.4.'CKwA'30/AR0~ - AUO*AUO)
COI DEL*(1.4*CKfAPI/ARI - AUI*AUI)
ZY1CK) = YI

DUI(K = C(CI(P1.L.VAPI/ARI +AUO'AUOPf't -AUO'E3)/(ARIOCOI)

[JVO =([5 - A~E/AOAO0L
135 ZVS(K) =(LUUD'CT+DVO*ST)*CT-AVN/,RAi

OMS 1. - AV*LfR/14LKAO

FF (2.18 4j./RAR3)*CK*APO
FE FF +ARi3*AU-3AU93/RAH
FE FE -(2./3l +1./ ýARPý )*CK*APO

11.0 FF FF +ARO*AVS*AVS/ RAlIP13
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FF aFF -2.6(1./B8.I.RABP83'AR0SAVN*AWN
FF xF/AROIAVS

ZVN(K) z AVN1 96'ZqfK)-OMS*AVN/AVS*ZVS(IC) +FF
ZVN(K) u ZVNIK) (I.-AVN'AWS'ARO/(1.'.*CI('APOI)

i~s ORVS z ARlfMOVtIAOASANfi%.KAO*V()
ZUS(KJ (ARS*AUB *ARO*AVS)*ZB(K)/B *ORVS
ZUSIK.3 it ZU()(R*AaAdt.*KAd& -1.01

?00 CONTINUE
OTI x IZYL(21 + 2.*(ZYI(3) + ZT1('.)) 0 111(g))/6.

is@ DU(IN) a (ZUI(2) .2.0(ZUI(3)*ZUI(I.I) ZUI (53) 6.
Ovi a (ZVI(21 + 2.*(ZWI(3) + ZVI(') + ZVi(513/6.
oVS 2 (ZVS(2) + 2.*(ZVS(3) + ZVS(4.) + ZVSE5)lfb.
DVN a (ZVN(21 + 2.*(ZVN(3) + ZVN('.)) + ZVN(5))1*6.
Due (ZUB(21 # 2.(IZUB(3) * ZUB(4)) + ZUB(51)f&.

155 006 = (Z8 (2) + 2.*(ZB (3) + ZB Mb) + ZB (5)11b.

U(IN) 2 U(IN)444'DU(IN)
V(IN1 x V(IN)4H*DVI
vsQ 2 U(ION)*U(IN),V(IN)oV(I,Nl

160 R(19N) 2 ((C-VSQ)/(C-1.)3'*2.5
P(IN)= (,6*.

08 =0U *ODR*HS
VS =VS + DVSNHS

165 VN = VN + DVN*HS
ad Ud + UUBWHS

RB =((C - UBOUB)/(C - i.3))92-5
PB = B*.
RMP UB/SQRT(i.4*C'('PS/1B)

170 XA = XA + HSVCT
CALL ARFL ( XA,XB, V9, DYB, )DYB,I)
CT = j.ISQRT(l. + 0YB**2)
ST = CT*DYR
H Xg -Dd*ST-X

175 xX X+
YO = YB *DB*CT
UO =VSOCT - VN'ST
Vo= VS*ST + VNOCT
RD ((C - UO* UD - U VO U)/C -1.645

lea PO = RO**t.4
RMO = SQRT((UOOUO + VO*VO)*RD/(i.4*CK* P0))
RETURN
END

155



APPENDIX G

IGS PROGRAM LISTING

SLOCK DATA CGRAF CGRAF 2

CO"MONICOMNXTINXYI(6) tNXY2(6) COMNXY 2
CONHON/INPUTI INPUT 2

1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6),LRAFL2(6),LRAFU3(6),LRXOOQ(6) INPUT 3
5 2 ,LRDIEQ(6),LRXSEQ(6),LRXAUP(6),LRCYDU(6)hLRXALW(b),LRCTOL(6) INPUT 4

3 ,LRSLEQ(b),LRMACH(6),LRALFA(6),LRTIU(6) ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6b 9LRNA2(6) ,LRNN3(6) pLRNN4(6) tLRNN5(6) #LRNN6(6) INPUT 6
5 ,NLGRNG(6)gNPARAB(6) INPUT ?

CORMONfNOUTI NAIRFL(6) NOUT 2
is I ,LRDEEQ(&) ,LRYSOQ(6),LRYSEQ(6)PLROOEQ(6),LRRUEQ(6),LRUSEQ(6) NOUT 3

2 ,LRIO(6) ,LRPOEQ(6)tLRNOGO(6)qLRSUB(6) ,LRSUPR(6) ,LRFLOW(6) NOUT 4
CONHWUNAXESI NALL(6) NAXES 2

£ ,NMXB(6) ,NUP9(6) ,NOUDXB(6) ,NAF30(61 ,NOWNB(6) ,NKTAB(6) MAXES 3
2 ,NXIB(6) ,NX2B(6) NYB(6) NMS(6) ,NMOIB(6) NNMO28(6) NAXES "

15 3 ,NDUIB(6) ,NDU2B(6) ,NDDQB(6) NPOB(6) ,NPiB(6) ,NPKTAB(6) NAXES 5
COPMONINCHARSfNNEQ ,NAEQ NXOOEQ(2) ,NDVIEQ(2) NXSEQ(2) NCHARS 2

i ,NTSOEQ(2),NXAEQ(2) iNCYDEQ(2),NSLEO(2) ,NOEEQ(2) ,NYSEQ(b) NCHARS 3
2 ,NDVOEQ(2),NRUEQ(2) ,NUBEQ(2) ,NID(2) ,NMACHQ(2),NALPHA(2) NCHARS .4
3 ,NYIUEQ(219NYILEQ(2) ,NPOEa(2) ,FMTI FMTF NCHARS 5

20 COMMON/NPRCDI NCUPSt(6),NCUPS2(6),NCAFU2(6),NCAFL2(6),NCAFU3(6) NPRCD 2
I ,NCOWNI(6),NCDWN2(6),NPUPSI(6) ,NUPS2(6) ,NPAFUI(6) ,NPAFU2(6) NPRCD 3
2 ,NPAFU3(6),NPAFLE(6),NPAFL2(6),NPDWNI(6),NPOWN2(b),NUPS(6) NPRCO 4
3 9NAFIA6) ,NAF2(6) NPRCO 5

C CGRAF 9
25 C THESE DATA STATEMENTS CONTAIN CHARACTERS USED IN THE CREATION OF THE CGRAF 10

C LIGHT REGISTERS AND MANY TEXT ENTITIES CGRAF It
DATA NNEQNAEQ/ 1OHNN= ,IOHNA= / CGRAF 12
DATA NDVIEQNXSEQNYSOEQNXAEQNCYDEQNSLEQNXOOEO/ CGRAF 13

I iOHDVOO(I)= ,1OH ,10HXS= 1IOH CGRAF 14
30 2 IOHYSO= IOH ,IOHXA= )IOH CGRAF 15

.3 IOHCYD= tiOH ,IOHSHOCK L= l1OH 9 CGRAF 16
4 IOHXOO= liOH CGRAF 1?

DATA NMACHGNALPHANTIUEINYILEQ/ CGRAF 18
1 1OHMACH NO. 1 1OH ,IOHALPHA= lOH CGRAF 19

35 2 IOHVI(UPR)= ,IOH ,IOHYI(LWR)= ,1OH / CGRAF 20
DATA NOEEQONYSEQNDVOEO NRUEQ)NU9EQNIDNPOEQ/ CGRAF 21

i iOHOE liOH ,IUHYS= 1±OH CGRAF 22
2 IOHOVOO(F)= IOH ,IOHRBUB= IOH CGRAF 23
3 IOHUB= l1OH ,1OHFLOWS NOT ,1OHMATCHED , CGRAF 24

40 4 IOHPO= ,IOH / CGRAF 25
DATA FMTIFMTF/ 4H(II) ,7H(FIO.8) / CGRAF 26

C CGRAF 27
C THIS DATA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTIFYING THE CGRAF 28
C TEXT ENTITIES DISPLAYING SPECIFIED OUTPUT VALUES IN THE LOWER RIGHT CGRAF 29

,.5 C HAND CORNER OF THE SCREEN CGRAF 30
DATA LRXOOQ LRDIEQ ,LRXSEO ,LRXAUP ,LRCYOU ,LRXALW I CGRAF 31

1 LRCYOL LRSLEQ ,LRMACH ,LRALFA ,LRYIU ,LRYIL 9 CGRAF 32
2 LRNNI ,LRNA2 ,LRNN3 ,LRNN4 ,LRNN5 ,LRNN6 9 CGRAF 33
3 LRUPS LRSTG ,LRAFU2 ,LRAFL2 ,LRAFU3 ,LRSTRT I CGRAF 34

50 5 1,1,4'99 ,2l2,9'49 ,312,4*99 413,4099 ,5,3,1499 6,4,4*99 , CGRAF 35
6 7,4,4-99 8,5,4099 ,11,6,499,12,6,499,13,6,4-9991496,4-99, CGRAF 36
7 21,1,''99c 22,i,4'99,23,3,4'99,24,4,4*99,25,5,4499,26,5'99 CGRAF 3?
a 0,1,4-0 0,2,40 ,0,3,4-O ,0,4,40 ,0,5,4-0 ,0,6,4-0 CGRAF 38

DATA LRDEEO LRYSOa ,LRYSEQ ,LROOEQ ,LRRUEQ ,LRUBEQ I CGRAF 39
55 1 LRID LRPOEO / CGRAF 43

2 20,5w20 ,20,5*21 929,5-22 ,20,5*23 ,20,5-24 ,20,5'25 CGRAF 41
3 20,5*26 ,20,5027 / CGRAF .2

C CGRAF 43
C THIS DATA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTIFYING THE CGRAF 44

60 C TEXT ENTITIES DISPLAYING BLINKING ASTERISKS IN THE LOhER LEFT HAND CGRAF 45
C CORNER OF THE SCREEN CGRAF 46

DATA NCUPSI ,NCUPS2 ,NCAFU2 ,NCAFLZ ,NCAPU3 ,NCDWNI , CGRAF 47
I NCDWN2 f CGRAF 4S
2 30,530 ,30,5-31 30,5*32 ,30,5'33 ,30,5*34 ,30,5435 , CGRAF 49

65 3 30,5"Z6 I CGRAF 50
C CGRAF 51
C THIS VATA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTIFYING THE CGRAF 52
C TEXT ENTITIES DISPLAYING NONBLINKING ASTERISKS IN THE LOWER LEFT CGRAF 53
C HANO CORNER OF THE SCREEN CGRAF 54
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?I DATA NPUPS1 ,NPUPS2 ,NPAFU1 ,NPAFU2 ,NPAFU3 PNPAFLI CGRAF i5
I ,NPAFLZ ,NPDWN1 ,NPOWN2 ,NUPS ,NAF1 ,NAF2 I CGRAF 56
2 31,32,37,34,37,31 ,31,32,33,37,35,3' ,32,32,33,34,35,33 GGRAF 57
3 ,6032 ,6*33 132,32033,3,35,36 CGRAF 58
4 ,6034 6035 ,b*36 :GRAF 59

75 5 931,32,4O ,OP32,33,3*0 PO,32,9034t2*0 / CGRAF 60
C CGRAF 61
C TEXT ENTITIES DISPLAYING CHARACTERS WHICH IDENTIFY THE AdCISSA AND CGRAF 62
C ORDINATE AXES OF THE GRAPHICAL OUTPUT CGRAF 63

DATA NXiB ,NX29 ,NYR ,NMB NMOS ,NMO2B CGRAF 64
I0 ± NOUIs ,NDU28 ,NDODO ,NPOB ,NP18 ,NPKTAB / CGRAF 65
2 40,d,42,43,'41,'5 40,3-4?,4•,45 409,114*47 , CGRAF 66
3 40,41,' B ,40,46,42,3*46 4041v4*49 , CGRAF 67
4 40,2446,'.3,2*46 ,'40,3046,44',46 14,347444 CGRAF 68
5 41U,''48,4.5 940,i.'49,.5 ,'49,4.1,42,4.3,44',45 f CGRAF 6

85 DATA NMXB ,NUPB tNDUOXR ,NAF3B ,NDWN8 ,NKTA8 f CGRAF 7e
1 40,,O'2,3'O 40o,41,40 v,0,20p,.3,20 , CGRAF 71
2 60,300,44•O 40O14O*,#5 , O,.1,2,'3,'4,45 I CGRAF 72

C CGRAF 73
C THIS DATA STATEMENT CONTAINS A SIX INTEGER ARRAYIDENTIFYING A POLY- CGRAF 7F

90 C LINE ENTITYWHICH DISPLAYS THE AIRFOIL SHAPE IN THtl LOWER LEFT HAND CGRAF 75
C CORNER OF THE SCREEN CGRAF 76

DATA NAIRFLf6*I9 / CGRAF 77
DATA LRSUTR ,LRSUB ,LRFLOW /2019,4*1 ,2*i9,9t*•2 120194' 0 CGRAF 75
DATA NLGRNG ,NPARAB /5-39,37 ,5-39t38 - CGRAF 79

95 DATA LRNOGC /6939 I CGRAF 80
C CGRAF 81

C THIS DATA STATEMENT CONTAINS THE SIX INTLGER ARRAYS IDENTIFYING THE CGRAF 82
C POLYLINE ENTITIES FOR GRAPHICAL OUTOUT CGRAF 83

DATA NXYI ,NXY2 f6*60 ,6-61 / CGRAF 8'

100 DATA NALL/6*O/ CGRAF 85
END CGRAF 56
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OVERLAY(OVFILEP0,0) LIEN 2
PROGRAM LIEN(INPUTOUTPUT,TAPE5=INPUT,TAPE6=OUTPUTI LIEN 3
COMMONPISSCAL/IOSCAL ISSCAL 2.
COMMON/NCONI ICON NCON 2

s CONMONIOUTCOMP OUTCOM 2
1 x111603 ,fl(160) ,Y2(160) ,NNt. ,NN2 OUTCOM 3
COggNONPCOMNXYfNXY1(6) ,NXY2(6) COMNXY 2
COP(NONIICNTRLIJ ,ICRlT(2) ,LL(2) ,IGO(2) ICNTRL 2
COM"OM/INPUT/ INPUT 2

to I LRUPS(&3 ,LRSTG(6) ,LRAFU2(6) ,LRAFL2(6) ,LRAFU3(611,LRXOOQ(6) INPUT 3
2 ,LROIEQ(6) ,LRXSEQ(63 ,LRXAUP(6) ,LRCYOU16) ,LRXALW(6) ,LRCYOL46) INPUT
3 ,LRSLEQ(6)OLRMACH(6),LRALFA(6),LRYIU(6) ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN416) ,LRNN5(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(6),NPARAB(6) INPUT r

15COMMON/NOUT1 NAIRFL(S) NOUT 2
1 ,LROEEQ(6) ,LRYSOQ(6) ,LRYSEQ(6) ,LRDOEQ(6) ,LRIRUEO(6) ,LRUBEQ(6J NOUT 3
2 ,LRIDIS) ,LRPOEQ(6),LRNOGO(6),LRSUB(6) ,LoRSUPR(6),LRFLOW(6) NOUT I.

COMMON/NPRCO/ NCUPSItS),NCUPS2(6),NCAFU2(6),NCAFL2(6) ,NCAFU3(6) NPRCO 2
1 ,NCOWNI(6) ,NCOWN2(6) ,NPUPS116) ,NPUPS2(b) ,NPAFUi(b) ,NPAFU2(6) NPRCD 3

20 2 ,NPAFUS(6) ,NPAFLI(6) ,NPAFL2(6) ,NPDWNi(6)tNPO3WN2(63,NUPS(6I NPRCD
3 ,NAFI(6) ,NAF2(6) NPRCD 5
COPQMON/NAXESI WALL(6) NAXES 2
1 ,NMXB(b) ,NUPB(6) ,NDUOX3(61,NAF3B(b) ,NDWNS(b) ,NKTAB(6) NAXES 3
2 ,NXIB(b) ,NX23(6) ,NYB(6) ,NMB(6) ,NMOIB(6) ,NM02B(6) NAXES 1

25 3 ,NOU1B(6) ,NOU2B(6) ,N0003(6) ,NPOB(6) ,NP19(6) ,NPKTAB(6) NAXES 5
COMMONfNCHARSfNNEO ,NAEQ ,NXOOEQ(21 ,NBVIEQ(2) ,NXSEQ(2) NCMARS 2
1 ,NISDEQ(2),NXAEQ(2) ,NCYOEQ(2J,NSLEQ(2) ,NBEEQ(2) ,NYSEQ(2) NCHARS 3
2 ,NOVOEQ(2) ,NRUEQ421 ,NUREQ(21 ,NID(2) ,NMACHkA(2) ,NALPHA(2) NCHARS 4

3 ,NYIUEQ(2)tNYILEQ(2),NPOEQ(2) ,FP4TI ,FMTF NCHARS 5
30 COMMON C ,CK ,p MALPHA COMMON 2

COMMON/BCOM/ XO ,DVOO ,L sCOM 2
COMMON/ECONfASTAGI26i),XSTAG(i),YSTAG(Il),XAF(50),YAF(50,2) ECOM 2
COMMONfAINPUTfAIN(24) ,NNI(7) ,HT(6) AINPUT 2
COMMON/YUVSAV/NNN(3) Y'UV(126) YUVSAW 2

35 COMMONfPTARFLfXXC'.D,2) ,YY(40O,2) ,AM(40,21 ,CA ,SA PTARFL 2
COM?4ONfCO"9PRS/X"(i6O,2),PPC160,2),N4P(2) COMPiRS 2
CO"MONfRUBCMfR3U@ ,UBINIT ,IRSUB .RBUSCM 2

C LIEN 22
C INITIATE PROGRAM EXECUTION LIEN 23

4.0 CALL GPEXE('4LNPUTI LIEN 24
ENDJ LIEN 25
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OVER~r(,9INPUT 2
PROGRAM NPUT NPUT I

C NPUT
C THIS PROGRAM READS INPUT NPUT 5

5 C NPUI 6
COPINON/NCON/ ICON NCON 2
CONMON/AINPUTfAIN(2'.) ,NNI(71 ,HI(6) AINPUT 2
COMWON/TUVSAYINNN(3) ,VUV(i26) TUVSAV 2
COMMON/PTARFL/XX(IiO,2l 9YY('.0,2) ,AM(40,2) ,CA ,SA PTARFL 2

10 COMMON C ,CK ,RS ,FM 'ALPHA COMMION 2
DIMENSION LA3EL(7),NP(21 NPUT 12

C NPUT 13
C READ THE CONSOLE NUMBER AND THE LABEL CARO NPUT 1

READ(5,901 ICON,(LA9EL(I~jI~,?) NPUT 15
1s C PIPUT 16

C READ IN FLOW CONDITIONS NPUT I?
REAC)(5,1001 FM,TC,ALPHA NPUT Is

C NPUT 19
C READ IN FLOW SOLUTION PARA4ETERS NPUT 20

20 READ(5,210) fAIN(I),I~l,7) NPUT 21
READ(5,100) (AIN~lhI1=,15) NPUt 22
READ(5,100) (AIN(I),I=16,18) NPUT 23

C NPUT 24.
C READ IN THE NUM3ER OF STRIPS AND THE INTEGRATION STEP SIZE NPUT 25

25 REEAO(5,110) (NNI(I),I=1,6),(HI(I),I=1,6) NPUT 26
WRITE(6,4001 NPUT 2?
WRITE(6,3300 (LABEL(I),I=1,7) NPUT 28
REAO(5,140) NP(1) ,NP(2) NPUT 29
00 20 J=1,2 NPUT 30

30 NN = NP(J) NPUT 31
20 READ(5,1501 CXX(I,J),YY(I,J),AM(I,J),I=1,NN) NPUT 32

NNI. = NP(1) NPUT i3
IF(NPC2).LT.NP(l)) NNI NP(21 NPUT 34.
WRITE(6, 240) NPUT 35

35 00 30 I=i,NNI NF'UT 36
30 WRITrE(6,2501 XX(I,1),Y'f(I,1),AM(I,IP,XX(I,2),YY(I,2I,AM(I,2) NPUT 37

NN1 =NNI+1 NPUT 38
Jj= NPUT 39
IF(NP(2).GT.NP(1)) J=2 NPUT 40

'.0 IF(NP(?).EQ).NP(l)) GO TO 80 NPUT 4.1

NN2 =NP(JI NPUT 4.2
GO TO (4.0,601,J NPUT 43

4.0 00 50 I=NN1,NN2 NPUT *
50 WRITE(6,2601 XX(I,1) ,YV(I,l1),AM(I,l) NPUT 45

4.5 GO TO 50 NPUT 4.6
6,0 00 T0 I=NNI,NN2 NPUt 4?7
70 WRITE(6,2701 XX(I,2) ,YY(I,2) ,AMI(I,21 NPUT 4.8
80 CA = COS(ALPHA/57.29357795) NPUT 4.9

SA=SIN(ALPHA/57.2957795) NPUT 50
50 CALL AEISKC(4LSTUP) NPUT 51

90 rORP.AT( I?,8X,7AIO) NPUT 52
100 .FORM~AT( SF10.6) NPUT 53
110 FOR14AT~bI 1,'X,7FIO.6) NPUT 54.
1'.) FORfrAT(212) NPUT 55

55 210 FORMAT(i0X,7FIO.6) NPUT 56
150 FORt-AT(3F20.15) NPUT 57
240) FOROArh17X,8HX(UPPERt),12X,8HY(UPPER),9X,12HDY/OX(UPPER),IIX, NPUT 58

1 8HX(LOWEPi,12X,AHY(LOWE-R),gX,12HOY/OX(LOWER)) NPUT 59
250 FOiRMAT(7X,6F20.12) NPUT 6'0

60 2;.)0 FORMAT(TX,3F20.12) NPUT 61
270 FORtPAT(6?X,3F20.121 NPUT 62
330 FOPrAT('.(/)32X ,7A1O,fo1/)) NPUT 63
4.00 FORIMAT C H1,'.(/) 7X,12(10HR##**Of g *) NPUT 6'.

EN C NPUT 65
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OVERLAY(2,O) STUP 2
PROGRAM STUP STUP 3

C STUP 4
C THIS PROGRAM SETS UP THE LIGHT REGISTERS, THE LIGHT uUTTONSANO STUP 5
C MANY TEXT ENTITIES STUP 6

COMMONfNCONf ICON NCON 2
CO"MONfISSCALIIOSCAL ISSCAL 2
COMMON/INPUTf INPUT 2

1 LRUPS(6) OLRSTG(6) tLRAFU2(6) LRAFLZ(6) ,LRAFUI(6) ,LRXOOQ(61 INPUT 3
to 2 LRDIEQ(b) LRXSEQ(6) LRXAUP6) 1,LRCYOU(6) ,LRXALW(6) tLRCYDL(6I INPUT 4

3 LRSLEQ(6),LRMACH(6),LRALFA(6),LRTIU(6) ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN4(6) ,LRNNS(6) ,LRNN6(6) INPUT 6
5 NLGRNG(6),NPARAB(6) INPUT ?

COMMONfNOUT/ NAIRFL(6) NOUT 2
'15 £ LRDEEG(6),LRSDOQ(6) ,LRYSEQ(61 ,LRDOEQ(6),LRRUEQ(6) ,LRUBEQ(6) NOUT 3

2 LRIO(6) ,LRPOEQ(6), LRNOGO(6) ,LRSU9(6) ,LRSUPR(6) ,LRFLOW(6) NOUT 4
CO4PON/NPRCO/ NCUPSi(61,NCUPS2(6) ,NCAFU2(6),NCAFL2C6),NCAFU3(6) NPRC3 2

1 NCOWNI(6),NCDWN2(6)pNPUPSI(6),NPUPS2(6),NPAFUI(6),NPAFU2(6) NPRCD 3
2 NPAFU3(61,NPAFLI(6) NPAFL2(6) ,NPDWNI(6) ,NPOWN2(6) ,NUPS(6) NPRCO 4

20 3 NAFI(6) ,NAF2(6) NPRCO 5
COMMONfNAXESf NALL(6) NAXES 2

1 NMXB(6) ,NUPB(6) NDUDXB(6) ,NAF3B(6) ,NDWNB(6) ,NKTAB(6) NAXES 3
2 NXIB(6) ,NX29(6) NTB(6) ,NMB(6) ,NMOIB(6) ,NMO28(6) NAXES 4
3 ,NOUi(6) ,NDU2(61) NODQB(6) ,NPOB(6) ,NP13(6) ,NPKTAB(6) NAXES 5

25 COM"ON/NCHARSfNNEQ NAEQ ,NXOOEQ(2) ,NDVIEQ(2) ,NXSEQ(2) NCMARS 2
i NYSOEI(2),NXAEQ(2) ,NCYTEQ(2),NSLEQ(2) ,NJEEQ(2) ,NYSEQ(2) NCHARS 3
2 NDYOEQ(2),NRUEQ(2) NUBEQ(2) ,NID(2) ,NMACHQ(2) ,NALPHA(2) NCHARS 4

3 NVIUEQ2I),NYILEQ(2) ,NPOE7(2) ,FMTI ,FMTF NCHARS 5
COMMONIAINPUTIAIN(24) NNI(?) ,HI(6) AINPUT 2

30 COMMONIYUVSAVINNN(3) YUV(126) YUVSAV 2
COMMON C ,CK RS ,FM ,ALPHA COMMON 2
DIMENSION IXLR(?) IYLR(4) ,XLR(2) , STUP I?

1 YLRC') ,XPRCD(6) YPRCD(3) ,XGRID(2) ,YGRID(4') ALIMI(4) , STUP 18
2 USERI(4) ,BASE(4) X(60) ,Y(60) ,NSNCP3(2), NOGOB(3) 9 STUP 19

35 3 IVELI(2) ,IVEL2(2) STUP 20
DATA NSNCPBNOGOBICOMPNSTOPNSU8,NSUPRLRSTARIORCDIV•LIIVEL2I STUP 21

1 1OHSONIC POINIOHT REACHED ,10HINT-GRAT1O,1OHN INCOMPLE, STUP 22
2 2HTE ,7HCOMPUTE ,'HSTOP ,8HSU3SONIC I STUP 23
3 10HSUPERSONIC,1H- 97HPROCc-EO IOHLAGRANGIAN, STUB 24

40 4 1OH FUNCTION ,10HPARA9OLIC ,iOHFUNCTION / STUP 25
DATA NXNYNMNM0,NDUOXNODQNPONPI I STUP 26

1 IHX,1HYIHM,2HMOLHOUDX,SHDQ0,2HPO,2HPI I STUP 27
DATA IXLRIYLR,XLRYLRXPROJYPRCD / STUP 26

1 11 ,36 ,-53 ,-49 -145 ,•-•1 STUP 29
45 2 1O.,35.,-56.,-52.,-L..-44., STUP 30

3 -56.,-50 .,-39.,-37. ,-27. ,-2. ,-56. ,-50.,-4.3. f STUP 31
DATA XGRID,YGRIOTALIH1,USERIPASE I STUP 32

1 -54.,1.,-42.,-16.,12.,36.,3'(-57.,-57.,57.,57.) f STUP 33
DATA IXCMIYCM/35,-556 STUP 34

50 C STUP 35
C INITIALIZE SU3SCREEN AREA IDENTIFIER STUP 36

IDSCAL = 1 STUP 3?
C STUP 38
C CREATE POINTS ON AIRFOIL FOP THE POLYLINE ENTITY NAIRFL STUP 39

55 X(1) = -12. STUP 40
CALL ARFL(1.0,AYY,3,C,2) STUP 41
Y[1) = -50.-TYT25. STUP 42
XX = 0.95 STUP 43
DO 5 I=2,29 STUP 44

60 CALL ARFL(XXAYY,D,C,21 STUP 45
X(I) = -37.,XX'25. STUP 46
Y(I) = -50.-YY'25. STUP 4?
OX = -. 05 STUP 48
IF(I.GE.19) IX = -. 01 STUP 49

65 IF(T.GE.28) Ix = -. 005 STUP 50
SXX = xxOX STUP 51

XI30) = -37. STUP 52
Y(3U) = -50. STUP 53
XX = .005 :TUP 54
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7000 6 I=31,58 :)TUP 55
CALL ARFL(XX,A,TY,B,C,1) STUP 56

X() -37..XX*25. STUP 57
(IZ) =-50.+YV*25. STUP 56

OX =.005 STUP 59
?5 IF(I.GE.321 OX =.01 STUP 60

IFUI.GE.'.1) OX= .05 SU 61
6 XX = XX+DX STUP 62

X(591) -12. STUP 63
Y(59) z (1) SIUP 6

so C STUP 65
C INITIALIZE GRAPHIC PAC FACILITIES STUP 66

C CALL INTGP(6LDATAFL,3,5i0,1) STUP 67
CSTUP be

C INITIALIZE THE GRAPHICS CONSOLE NUMBER ICON STUP 69
65 CALL INCONIICON) 1TU TOD NETE0+IESRENAE

C DEFINE SUBSRE RAIT DFN H NIESCREEN AREA STUP 72
CALL SCORS(BASE1 STUD 73
CALL SSCAL(1,ALIM1,uSERI) STUP ? 4

90 CALL PLYLN(4AIRFL,i,X(I1,Y(i),58) STUP 75
CALL ASCAL~l) STUD ?6
CALL GENDF(NAIRFL,D) STUP r?

C STUP 78
C CREATE POINT ENTITIES IN THE LOWER RIGHT HAND CORNE4 OF THE SCREEN STUP 19

95 CALL POINT(XLRC1,gYLRV±,PTLRII) STUP 80
CALL POINT(XLR(i),YLR(2),9PTLR12) STUP 81
CALL POINT(XLR(i),YLR(3),PTLRI'ý STUP 82
CALL POINT(XLR(1IyLR(41,PTL~i'.) STUP 83
CALL POINT(XLR(2)PYLR(I),PTLR21) STUP 84.

100 CALL POINT(XLR(2),1LR(2),PTLR22) STUP 35
CALL POINT(XLR(2),YLR(3),PTLR23) STUP 86
CALL POINT(XLR(2),YLR(L.),PTLR24) STUP 87

C STUP 35
C CREATE POINT ENTITIES IN. THE LOWER LEFT HAND CORNER OF THE SCREEN STUP 8'9

105 CALL POINT(XPRCD(2),YP.RCD(2),ISTR22) STUP 90
CALL POINT(XPRCfl(3),YPRCD(2),ISTR32) STUP 91
CALL POINT(XPRC0(4),Y0RC0(3),ISTRS.3) STUP 92
CALL POINT(XPRZCO(5) ,YPRCOC3),ISTR53) STUD 93
CALL POINT(XPRCOC4),YPRC3(l),ISTR'.1) STUP 9..

110 CALL POINT(XPRC9(5),YPRC0(l),ISTRS1) SlUR 95
CALL POtNTCXPRCD(5),YPRCD(2),15TR52) STUP 96
CALL POINT(XPRCO(6),YPRCD(2),ISTR62) STUP 97

C STUD 98
C CREATE POINT ENTITIES IN THE UPPER AREA OF THE SCREEN STUP 99

I1s CALL POINT(XG.AI(2),GRIDh1),PGRO21) STUD Ida
CALL POINT(XGRIO(1),YGRID(2),PGR912) STUD 101
CALL POINT(XGR19(l),YGRI)(3),PGR013) STUP 102
CALL POINT(XGRIO(21,YGRID(3),PGRO23) STUP 103
CALL POINT(XGRID(1),YGRID(4dPGROIL.) SrUp IQ*.

120 C STUP 105
C CREATE LI3HT REGISTERS FOR THE LOWER RIGHT HAND CORNER OF THE SCREEN STUP 106
C WHICH CAN BE USED TO CHANGE INPUT VARIABLES STUR 107

CALL LITRG(IXLR(2),IYLR(2;,NNEOQ3,21,FMTI) STUD 108
CALL LITRGCIXLR(2),IYLR(2),NAEQ,3,22,FMTI) STUP 109

125 CALL LITRG(IXLR(2),IYLR(2) NNEtQ93,23,FMTI) STUD 110
CALL LITRG(IXLR(2),IYLR(2),NNEI,3,24,FMTI) STUP 111
CALL LITRG(IXLR(2),IYLR(2),NNEQ,3,25,FMqTI) STUP 112
CALL LITRG(IXLRC2),IYLR(2),NNEQ,3,215,FMTI) STUD 113
CALL LITRG(IXLR(2),IYLR(4) ,NXOOEQ,'.,1,FMTF) STUP 114

130 CALL LITR,3(IXLR(?),ITL.R(4),NJVIEQ,8,2,F7MTF) STUP 115
CA LL LIT Rr(I XLR (2),OIYLR(3),NXSEQ,3,3,FM4TF) STUD 116
CALL LITRG(IXLR(2),IYLRC4),NXAEQ,3,L.,FMTF) STUD 117
CALL LITRG(IXLR(2),IYLR(3),NCYCDEO,4,5,FMTF) STUD 118
CALL LITRG,(IXLR(2, IYLR(4.) qXAEO,3,6,FMTF) STUD 119

135 CALL LITRG(IXLR(2),IYLR(3) tNCYOE0,4.,7,FMTF) STUD 120
CALL LITRG(IXLR(21,,TLR('.),NSLEO,8,5,FMTF) STUD 121
CALL LITRG-(IXLR(2),IYL:fL.),NMACHO,9,11,FPITF) STUP 122
CALL LITRG(IXLR(2),IYLR(3),NALPHA,6,12,FMTF) SlUP 123
CALL LITRC,(IXLR(2),IYLR(21,NYIUEQ,8,13,FMTF) STUP 124.

161



1Ik CALL LITRG(IXLRt(2),IYLR(1),N7ILEQ,e,1h,FMTF) STUP 125
C STUP 12b
C CREATE TEXT ENTITIES FOR THE LOWER RIGHT HAND CORNER OF THE SCREEN STUP 12?
C WHICH CAN BE USED IN CONJUNCTION WITH THE LIGHT REGISTERS TO CHANGE STUP 126
C INPUT VARIABLES STUP 129

145 CALL ENSHFT(NNEQ#3,NNI(1),FNTI) STUP Is@
CALL TEXT(LRNN1,0,PTLR22,NNEQ,4,O,3,'.RCVLI) STUP 131
CALL ENSHFT(NAEQ,3,NNII2) ,FMTII STL40 112
CALL TEXT(LRNA2,0,PTLR23,NAEQ,4,0 ,3,4RCVLI) STUP 111
CALL ENSHFT(NNEQ,5,NNI(3) ,FPTI) STUP 1341

16CALL TEXT tLRNN3,0,PrLR22,NNEQ,~,o,3,%RCVL I) STUP Lis
CALL ENSHPI(NNEQ,3,NNI(41),FMTI) STUP 1SG
CALL TEXT (LRtN4', ,PTLR22, NNEQ,'.,0,3,'.RCVLI) STUP. is?
CALL ENSHFT(NNEQ,3,NNI(5) ,FITI) STUP ±36
CALL TEXT(LRNN5,O,PTLR22,NNEQ,4,0P,3,'RCVLII STUP 119

55CALL ENSHFTINNEQ,3,NNI(6) ,FMTI) STUP 148
CALL TEXTIL.RNNB,0,PTLR22, NNEQ,'.,0,3,'.RCVLI) STUP 141
CALL ENSHFT(NDVIEOSAIN(I),FMTFl SIUP 142?
CALL TEXT(LROIEQ,0,PTLR24,NOVIEQ,iSio,3,4RCVLR) STUP 143
CALL ENSHFTINXSEQ,S,AIN(2) ,FMTF) STUP 14f#

161 CALL TEXT(LRXSEQOPTLR23,NXSEQ,13, 0,3,4RCVLR) STUP 14.5
CALL ENSMFT(NXDOEQ,'.,AIN(81,FMTFS STUP 146
CALL TEXT(LRXOOQ,0,P¶LR2',,NXOOEQ,±',,0,3,'.RCVLR) STUP W'.
CALL ENSHF'T(NXAEQ,3,AIN(3hFNTF) STUP 1'.6
CALL TEXT (LRtXAUP,0,PTLR2'.,NXAEQ,±3, 0.3,'RCVLRtI STUP 1'.9
CALL TEXTtLRCTOU,0,PTLR23,NC¶DEO,1'.,0,3,4RCVLR) STUP Lot
CALL ENSHFT(NXAEa,3,AIN(5),FMTF) STUP 152
CALL TEXT(LRXALW,0,PTLR24,NXAEQ,13,O,3,%RtCVLRI STUP 153
CALL ENSNFT(NCYOEQ,'.,AIN(6) ,FNTFi STUP 154

170 CALL TEXT(LRCYDL,6,PTLR23,NCYDEQ,14,0,3,4RCWLR) STUP 155
CALL ENSHFTtNSLEO,SAINI?) ,FMTF) STUP £56
CALL TEXT(LRSLEQ,0,PTLR2'.,NSLEQ,18,0,3,'.RCVLR) STUP 15?
CALL ENSHFT(NMACHQ,9,FM,FMTF) STUP 158
CALL TEXT (LRMACH,0,PTLR2'.,NMACHO,19,0, 3,4RCVLRI STUP 159

175 CALL ENSHFT(NALPHA,6,ALPHA,FMTF) STUP 160
CALL TEXT(LRALFA,0,PTLR23,NALPHA,16,0,3,'.RCVLR) STUP 161
CALL ENSHFTtNYIUEO,8tAIN(11I ,FMTFl STUP 162
CALL TEXT(LRYIU,0,PTLR22,NYIUEO,18,O,3,'.RCVLR) STUP 163
CALL ENSHF7INYILEQ,S*AIN(12),FMTF) STUP 164

too CALL TEXT (LRTIL,0,PTLR21,NYILEQ,18,0,3,4RCVLRI STUP 165
CSTUP 166

C CREATE TEXT ENTITIES FOR THE LOWER RIGHT HAND CORNER OF THL SCREEN STUP 167
C WHICH DISPLAY OUTPUT INFORMATION STUP 168

CALL TEXT(LRDEEQ,I,PTLRi4,NOEEQ,131 STUP 169
185 CALL TEXT (LRYSOca,1,PTLRi3,NYSOEQ,1'.) STUP 170

CALL TEXT (LRYSEQ,i#PTLRI'.,NYSEQ,I13 STUP 171
CALL TEXT CLRODEQ,1,PTLR13,N3VOEO,I83 STUP 172
CALL TEXTILRRUEQ,I,PTLR1L.,NRUEQ,161 STUP 173
CALL TEXT (LRU9EQ9i,PTLRi3,NUBEQ,13) STUP 174.

190 CALL TEXT(LRIO ,I,PTLRI3,NID,20) STUP 105
CALL TEXT LRPOEQ,19PTLRI2,NPOEQ,13) STUP 176

C STUP I??
C CREATE TEXT ENTITIES IN THE UPPER AREA OF THE SCREENWHICHLABEL THE STUP 115
C GRAPHIC DISPLAY STUP 179

195 CALL TEXT(NX1B,1,PGRO21,NX,tl STUP ISO
CALL TEXT(NX2B,1,PGRO23,NX,i) STUP 1a1
CALL TEXT(NY3 I1,PGRDl'.pNYlI) STUP 182
CALL TEXT(NM8 ,1,PGRO23,NM,I) STUP 163
CALL TEXT tNMOi8,I,PGR.O13, NMO,2) STUP 184

200 CALL TEXT(NM020,1,PGRD12,NMO,2) STUP 185
CALL TEXT INUUIB,I,PGRO13,NOUOX,4) STUP 1866
CALL TEXT (NOU2B,I,PGRO12,NDUOX,'.) STUP I87
CALL TEXT (NDOQB,1,PGRDIL.,NOOQ,3l STUP 1ea
CALL TEXTI NPOB,I#PGRO12,NPO,21 STUP 189

205 CALL TEXT(NPKTAD,lPGRDI3,NPO,2) STUP 190
CALL TEXT( NPiB,1,PGRD1'.,NPI,2) STUP 191

C STUP 192
C CREATE TEXT ENTITIES IN THE LOWER LEFT HAND CORNER OF THE SCREEN STUP 193
C WHICHCISPLAY ASTERISKS INDICATING NEXT PROGRAM STEP STUP ±9'.
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Rio CALL TEXT(NPUPS1,0,ISTR22,LRSTAR,1,O,3,4RSTRTS STUP 195
CALL TEXT (NP UPS 2Y,01ISTR32PLRSTAR, 1, 0, 3,dRPRP21 STUP 196
CALL TEXrcNPAFu1,0,ISTR43,LRSTAR,1,o,3,kRAFUi) STUP 197
CALL TEXT(NPAFU2,IISTR%3,LRSTAR,1,O,3,~iRPRP3) STUP 198
CALL TEXT(NPAFU3,0,ISTR53,LRSTAP,1,0,3,'.RPRP5S STUP 199

25CALL TEXT(NPAFL1,0,ISTR41,LRSTAR,1,0,3,'4RAFLI) STUP 209
CALL TEXT(NPAFL2,0,ISTR5ILRSTAR,1,0,3,4RPRP4I STUP 201
CALL TEXT(NPOWN1,0,ISTR62,LRSTAQ,1,0,3,4RPRP6) STUP 202
CALL TEXT(NPOWNZ,0,ISTR52,LRSTAR,1,0,3,4RDWN2) STUP 203

C STUP 204
221 C CREATE TEXT ENTITIES IN THE LOWER LEFT HAND CORNER OF THE SCREEN SIUP 295

C WHICH DISPLAY BLINKING ASTERISKS INDICATING THE CURRENT PROGRAM1 STEP STUP 206
CALL TEXT(NrUPS1,I,ISTR22,LRSTAR,1,1,3) STUP 20?
CALL TEXT(NCUPS2,1,ISTR3Z,LRSTAR,It,,3) STUP 208
CALL TEXT(NCAFU2,1,ISTR43,LRSTAR,1,1,3) STUP 269

225 CALL TEXT(NCAFL2,1,ISTR51,LRSTARO,1,,33 STUP 210
CALL TEXT(NCAFU3,1,ISTR53,LRSTAR,1,i,3) STUP 211
CALL TEXT(NCOWNI,,ISTR62,LRSTAR,1,1,3) STUP 212
CALL TEXT(NDOWN2,1,15TR52,LRSTAR,1,1,3) STUP 213
CALL POINT(10.,O.,PTGRF21 STUP 214

230 CALL TEXT (LRNOGD, 1,PTGRF2, NOGOB, 22) STUP 219
CALL TEXT(LRSUE,0,PtLR24,NSU3,8,O,3,'RPRP',) STUP 216
CALL TEXT(LRSUPR,0,PTLR23,NSUPR,10,0,3,4iRPRP33 STUP 217
CALL TEXT(NLGRNG,0,PTLR22,IVELlig,i9,3,4RCHGV) STUP 218
CALL TEXT(NPARAB,0,PTLR22,IVEL2,1B,0,3,'.RCHGV) STUP 219

235 CALL LItBN(IXLR(1) ,IYLR(1),IPRCD,?,1,4RPRPI) STUP 220
C STUP 221
C CREATE LIGHT BUTTONS FOR COMPUTATION OF THE CURRENT PROGRAM STEP STUP 222

CALL LITBN(IXCM,IYCMtTCOMP,7,2t4RUPSI) STUP 223
CALL LITBN(IXCM,IYCM,ICOr1P,?,3,L.RUPS2I STUP 224

240 CALL LITBN(IXCM,IYCM,ICOMP,7,4,4.RAFU2) STUP 225
CALL LITBN(IXCM,IYCM,ICOPIP,7,5,L.RAFL2I STUP 226
CALL LITBN(IXCM,IYCM,ICOMP,T,6,4RAFU3) STUP 22?
CALL LITBN(IXCM,IYCM,ICOMP,7,7,4ROWNi) STUP 228
CALL LITBN(-56,-56,NSTDP,4, 20,4PSTDP) STUP 229

245S C STUP 230
C ENABLE ALL TEXT AND POLYLINE ENTITISS STUP 231

CALL ENGDS(i,NALL) STUP 232
CALL AETSK(C(*LSTRT) STUP 233
END STUP ?34.
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OVERLAY(3tS) STRT 2

"POGRAM STRT STRT 5
C STRT 4.

C THIS PROGRAM DISPLAYS THE FLOW VARIABLES STRT 5

s STRT 6

CON9"ON/INPUTf INPUT 2

I LRUPS(6) ,LRSTG(b) ,LRAFU2(6I ,LRAFL2(6I ,L4AFU3(b) ,LRXOOQ(6I INPUT i

2 ,LROIEQ(SSLRXSEQ(b),LRXAUP(6),LRCTDUE6O,LRXALW(6),LRCYDL(6I INPUT 4.

3 ,LRSLE~tfl,LRMACH(61,LRALFA(6),LRYIU(6I ,LRYIL(6) ,LRSTRt(6) INPUT 5

i0 3, ,LRMNN(6) ,LRNA2(b) ,LRNN3(6) ,LRNN4.(6) ,LRNN5(b) ,LRNNbtb) INPUT 6

5 ,IN.GRNG16),NPARA316) INPUT r

COMMON/NOUT/ NAIRFL(6) MOUT 2

1 ,LROEEQ(6),LRTSOa(6) ,LRYSEQ(6) ,LRDOE(1(6) ,LRRUEQ(6) ,LRUBEQ(6) NOUT 3

2 ,LRIO(6) ,LRPOEQ(6)OLRNOGO(6) ,LRSUB(60 ,LRSUPR(6) ,LRFLOW(6) NOUT 4.

is COM"qON/NPRCO/ NCUPSI(61 ,NCUPS2(6) ,NCAFU2(6) ,NCAFL2(6),NL;AFU3(6) NPRCO 2

1 ,NCOWNI(6),NCOWN2C61,NPUPSI(6),N3PUPS2(6),NPAFUI(6),NPAFU2(
6
) MPRCD 3

2 ,NPAFUS(6),NPAFLI(6),NPAFL2(6),NPOWNI(61,NPDWN2(6loNUPS(
6
) NPRCD 4.

3 ,NAFI(6) ,NAF2(6) NPRCD 5

COMMONfNAXESf NALL(6) NAXES 2

20 1 ,NMXB(6) ,NUPB(6) ,NOUOXB(6),NAF38(6) ,NOWNB(6) ,NKTAB(63 WAXES 3

2 ,NXIB(6) ,NX28(6) ,NYB(6) ,NMBCb) ,NMOIB(6) ,NM028(6) NAXES 4.

3 9NOU18(6) ,NOU28(6) ,NODQB(6) ,NPOB(61 ,NPiB(6) ,NPI(TAB(6) NAXES 5

COMMON C ,CK ,RSFM ,ALPHA COMMON 2

CO"MONIISSCALI IDSCAL ISSCAL 2

25 DIMENSION LIO(2) STRT 13

DATA LBID/1,2OI STRT 14.

CALL ASCALII) STRT 15

CALL ERASEIMALLI SIR? 16

CALL ERASG(IOSCAL) STRT I?

30 CALL ERASG(IDSCAL-11 STRI Is

CALL GfNDFANAIRFL,O) STRT 19

CALL ENLBC2.LBIO) STRT 20

CALL GENDFtLRSTRT,01 STRT 21

C STR Z22

35 C WAIT FOR AN AfTENTION SOURCE STRT 23

CALL WAITEfDUM,0,OUM,!YUM) STRT 24.

END SITR 25
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OVERLAY(J.,O) PRPI 2
PROGRAM PRPI PRPI 3

C PRPI4
C THIS PROGRAM OISPLATS ITEMS NEEDED FOR PROGRAM UPSi PRPJ 5
C PRPI 6-

COMMON/INPUTf INPUT 2
1 LRUPS (61 ,LRSTG(b) ,LRAFU2(6)PLRAFL2(b) qLRAFU3(6),LRXOOQ(6) INPUT 3
2 ,LRDIEQ(bl tLRXSEQ(6) ,LRXAUP(6) ,LRCYOU(6) ,LRXALW(6) ,LRCYOL(6) INPUT 4.
3 ,LRSLEQ(6),LRMACH(6),LRALFA(6),LRVIU(6) PLRYIL(6) ,LRSTRTt6I INPUT 5

le 4 ,LRNM1(6) ILRNA2(6 ) ,LRNN3 (6) ,LRNN4.(61 ,LRNNS(6) ,LRNN6(6) INPUT
5 ,NLGRNG(6),NPARAB(b) INPUT ?
CONMON/NOUT/ NAIRFL(6) Nout 2
1 ,LROEEQ6),LRTSOQ(6),LRYSEQ(6,LROOEQ(6)PLRRUEQ(6)LRUBEQ(6I NOUT 3
2 ,LRID(6) ,LRPOEQ(60,LRNOGO(6),LRSUB(6) ,LISUPR(6),LRFLOW(6) NOUT I,

1s COMMON/NPRCOf NCUPSI(6) ,NCUPS2(6) ,NCAFU2(6) ,NCAFL2(6) ,NCAFU3(6) NPRC3 2
I ,NCOWNI(6),NCDWN2(61,NPUPSI(6),NPUPS2(6)tNPAFUi(6)PNPAFU2(6) NPRCD 3
2 ,NPAFU3(6),NPAFLI(6),NPAFL2(6),NPDWNI(6)9NPOWN2(6),NUPS(6) NPRCO I.

3 ,NAFI(6) ,NAF2(6) NPRCO 5
COMMON/NAXES/ NALL(6) NAXES 2

20 1 ,NMXB(61 ,NUPB(6) ,NOUDXB(6),NAF3B(6) NDWNB(6) ,NKTAB(6) NAXES 3
2 ,NXI8(6) ,NX2B(6) ,NYB(6) ,NMB(6) ,N"OiB(6) ,NM028(6) NAXES
3 ,NOUIBC6) ,NDU28(6) 9NODDQB(6) ,NPOB(6) ,NPIB(6) ,NPK(TAB(6) NAXES 5
COMMON C CK IRSFM ,ALPHA COMMON 2
COMMON/AINPUT/AIN(24) ,NNI(7) ,HI(6) AINPUT 2

25 COMMON/TUVSAVINNN(3) ,YUV(126) YUVSAV 2
COMMON/PiARFLIXX(i.0,2) ,YY(40,21 ,AM(40,2) ,CA ,SA PTARFL 2
DIMENSION LBIO(2) pRtPI 15
DATA LBIO/2,20/ PRPI 16
CALL ASCALilI PRPi ir

30CALL ENLB(2,LBIO)) PRPi is
CALL ERASE(LRSTRT) PRPI 19
CALL GENOF(NCUPS1,01 PRPI 20
CALL GENDF(NPUPS2,C) PRPI 21
CALL GENOF(LRUPS,D)' PRPI 22

35 CALL GENOF(NUPB,01 PRP1 23
WRITE(6,i00) FM,ALPHA PRPI 2

100 FORMAT(iHI//f20X,9HMACH NO.=,FIO.6,16H ALPH8.=,FIO.6) PRPI 25
CALL WAITE(3UM,0,DUM,OUM) PRPi 26
END PRPI 2?
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OVERLAY15,0)1 UPS1 2
PROGRAM UPSI Upsi I

C UPSI
C THIS PROGRAM DISPLAYS OUTPUT FROM SUBROUT14E UPSTRM UPSI. 5

5c UPSI. 6
COI49ONfOUTCOMl OUTCOM 2
I XI(160) ty11160) ,Y2(i60) ,NNI ,NN2 OUTCOM 3

CO"MON/COMNXYINXYi16) ,NXY2(6) COMNXT 2
CO""ONtINPUlf INPUT 2

ID 1 LRUPS(61 ,LRSTG(6) L~RAFU2(6),LRAFL2(6)oLRAFU3(6),LRXOOQ(61 INPUT 3
2 ,LRDIEQ(6) ,LRXSEQ(6) ,LRXAUP(6) ,LRCYOU(6) ,LRXALW(61 ,LR:YOL(6) INPUT 4.
3 ,LRSLEQ46),LRMACH(6),LRALFA(6),LRYIU(6) ,LRTIL(6) ,LRSTRT461 INPUT 5
4. LRNNI(61 ,LRNA2(6) ,LRNN3(61 ,LRNN'.(6) ,LRNN5(6) ,LRNN6(b) INPUT 6
5 ,NLGRNG(6) ,NPARAB(6) INPUTr

is COMMONINOUTf NAIRFL(6) NOUT 2
I ,LRDEEQ(6) ,LRYSOQ0l61,LRYSEQ(6S ,LRDDEQ(6) ,LRRUEQ(6) ,LRUBEQI6) NOUT 3
2 ,LRIO(6) ,LRPOEQ(6),LRNOGO(6),LRSUB(6) ,LRSUPR(6),LRFLOW(6) NOUT 4
COMMONINCHARSINNEQ ,NAEa ,NXOOEQ(2) ,NDVIEQ(2),NXSEl(2) NCHARS .2

I ,NYSOEQ(2) ,NXAEQ(2) ,NCYOEQ(21 ,NSLEQ(2) ,NOEEQ(2) ,NYSEQ(2) NCHARS 3
20 2 ,NDVOEQ(2),NRUEQ(2) ,NUSEQ(21 ,NID(2) NNMAGHQ(2) ,NALPHA(2) NCHARS 1

3 ,NYIUEI3(2)9NYILEQ(2) ,NPOEQ(2) ,FMTI ,FMTF NCHARS 5
COMMON C ,CK 'RS ,FM ,ALPHA COMMON 2
COMMONISCOMI X0 ,3VOO ,L BCOM 2
COMM"ON/ECOMfASTAG(26),XSTAG(11l,YSTAG(11),XAF(50),YAF(50,2) ECOM 2

25 COMMONfAINPUtIAIN(24) ,NNI(71 ,HI(6) AINPUT 2
COMMON/YUVSAVINNN(3) ,YUV(156) YUVSAW 2
COMMON/PTARFL/XX('.0,2) ,YY(40,2) ,AM(40,2) ,CA ,SA PTARFL 2
COWMONI IS SCAL/ IOSC AL ISA
DIMENSION X2TEMPUO,)Y2TEMP(10),X210) UpiSS 29

30 C i.*5.IFMO*2 UPS1 2
CK 1 .1(I.4*FM*FM) UPS1 20
CA COS(ALPHAf57.2957795) UPSI 22
SA =SIN(ALPHA/57.2957795) UPSI 23
CALL ASCAL~l) UPS1 2'.

35 CALL ERASGtIDSCAL) UPS1 25
CALL ERASG(IDSCAL-11 UPSI 26
CALL IOUPSTM UPS1 2?
CALL EAELDQ)UPS1 28
CALL EftASE(L~tYSOQ) UPSI 29

4.0 C UPSi 39
C DISPLAY THE OUTPUT VARIABLES DE AND Y50 Upsi 31

CALL ENSHFT(NDEEQ,~3,AIN(20) ,FMTF) UPSi 32
CALL HOOFY1LRDEEQ,192,NDEEQ) UPS1 33
CALL GENDF(LRDEEQO,) UPSI 3'.

4.5 CALL ENSHFT(NYSOLQ,4,AIN(21),FMTF) UPSI 3i
CALL MOOFY(LRYSOQ,1,2,NYSOEQ) UPSI 36
CALL GENDF(LRTSOO,0) UPSI 3?

C UPSI 38
C GRAPHICALLY DISPLAY DATA POINTS IN ARRAY Xl-Yl UPSI 39

50 CALL PLOTT2(0. ,i.0,0. 0,0.8,0.0,1.0,1) UPSI 40
IF(NN2.GT.1) GO TO 10 UPSI 41

C UPSI 42
C GRAPHICALLY DISPLAY DATA POINTS IN ARRAY X2-Y2 UPSI .3

NN2 =4 UPSi '44

Y2(21) 1. UPSI 46
Y2(3) =0. UPSI 47
Y2(4) =1. UPSI 48
Y2(11) =3. UPSI 49

60 Y2 (12) =1. Upsi 50
Y2(13) =1.. UPS1 51
Y2 (14) =0. UPSi 52

10 DO 15 11I,NN2 UPSi 53
X2TEMP(I) =Y2(1) UPSI 54

65 15 Y2TEMP(I) =Y2(I+10) UPSi 55
NSWITCH = N2-1 UPSi 56
00 18 I=I,NN2 UPSI 5?
X2(I) =XTE4lP(I+NSWTTCH) UPSi 58

YI)=YTSM?-(I*NSWITCH) UPSI 5
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i#1. NSWITCH a NSWITCH-.2 UPSI 60
Y2PAX a 12(11 UPSI 61
00 2S 1u2,NN2 UPSI 62
!FIY2(fl -Y2MAX) 25,25,22 UPSI 65

22 T2NAX a V2(1) UPSI 6
r5 25 CONTINUE UPSi 65

X2NIN x 0.0 UPSI bb
12"IN a 0.0 UPSI 6?
X2MAX x X2(NN2) UPSI 66
CALL AREA2(T2MIN,YZNAX,X2MIN,X2MAX,2) UPSI b9

ofNXV2(5) x UPSI ?I
CALL OLETE(NXY21 UPSI 71
NXT2E5) z61 UPSI F2
CALL PLTLN(NXT2,1,Y2(i) ,X2(1) NN2-i) Upsi 75
CALL GENOF(NXY2,01 UPsi ?

-e5 C UPSI 75
C WAIT FOR AN ATTENTION SOURCE UPSI 76

CALL WAITE(LIUN,O,DUM,DUM) UP~i 7?
END UPSI 76
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OVERLAY (6 too PRP2 2
PROGRAM PRP2 PRP2 3

C PRP2 4
C THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PROGRAM UPS2 PRP2 5-

5 CO"~ON/COMNXYINXYI(6) ,NXY2(6) COMNXY 2
COMMONf INPUT/ INPUT 2

1 LRUPS(61 ,LRSTG(6) ,LRAFU2(61 ,LRAFL2f6) ,LRAFU3(6) ,LRXOOQ(6I INPUT 3
2 ,LRDIEQ(6),LRXSEQ(6),LRXAUP(61,LRCYDU(6),LRXALW(61,LRCYOL(6) INPUT t
3 ,LRSLEQ(6bLRNACH(6),LRALFA(6),LRYIU(6) ,LltYIL(6) ,LRSTRT(6) INPUT 5

10 4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN4(6) ,LRNN5(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(6)qNPARA8(6) INPUT 7

CONP(ON/NOUT/ NAIRFL(6) NOUT 2
1 ,LRDEEQ(6),LRYSOQ(6),LRYSEQ(6),LRDOEQ(6),LRRUEQ(6,LRUBEQ(6) NOUT. 3
2 , LRID(6) ,LRPOEQ(6) ,LRNOGO(6) ,LRSUB(6) ,LRSUPR(6) ,LRFLOW161 NOUT

15 COMMON/NAXES/ NALL46) NAXES 2
1 ,NMXB(6) ,NUPB(6) ,NOUDXS(6) ,NAF3B(6) ,NDWNB(6) ,NKTAB(6) NAXES 3
2 ,NX1B(6) ,NX28(6) ,NYB(61 ,NMB(6) ,NMD18(6) ,NM02B(b) NAXES
3 ,NOU18(6) ,NDU28(6) ,NDDQBCS) ,NPOB(6) ,NP18(6) ,NPKTAB(6) NAXES 5
COMMONfNPRCOf NCUPS1(6),NCUPS2(6),NCAFU2(6),NCAFL2(6,NCAFU3(b) NPRCa 2

20 1 ,NCDWNI(6),NCOWN2(61,NPUPSi(61,NPUPS2(6),NPAFUI(6),NPAFU2(6) NPRCD 3
2 ,NPAFU3(6),NPAFLi(6),NPAFL2(61,NPOWNI(6),NPOWN2(6),NUPS(6) NPRCO
3 ,NAFI(6) ,NAF2(6) NPRCD 5
COMMONfICNTRL/J ,ICRIT(2) ,LL(2) ,IIO(2) ICNTRL 2
COPIMON/ISSCAL/IISCAL ISA

25DIMENSION LBID(2) PRSAL 23
DATA LBID/3,20/ PRP2 13
IG0(1) =0PRP2 1'.
IGO(2) =0 PRP2 16
NXYI(5) =0 PRP2 16

30 NXYI(6) = 0PRP2 is
CALL DLETE(NXYl) PRP2 19
NXYi(6)=60 PRP2 2
CALL ASCAL1l PRP2 21
CALL ERASG(IDSCAL) PRP2 22

35 CALL ERASG(IDSCAL-1) PRP2 23
CALL ERASE(NALL) PRP2 24
CALL ENLB(2,LBID) PRP2 25
CALL GENDF(NAIRFL,O) PRP2 26
CALL GENOF(NCUPS?,O) PRP2 27

40 CALL GENDF(NAF2,0) PRP2 28
CALL GENDF(LRSTG,01 PRP2 29
CALL WAITc-(DUM,O,Dul,DUM) PRP2 30
END PRP2 .31

168



OVERLAY(?,01 UPS? 2
PROGRAM UPS? UPS? S

C UPS? 4
c THIS PROGRAM DISPLAYS OUTPUT FROM SUBROUTINL IOSTGNA UPS? 5

5 COMMON/NOUTf NAIRFL(6) NOUT 2
I ,LROEEQ(6),LRYSOQ(6),PLRYSEQ(6),9LROOEQ(61,oLRRUEQ(6) ,LRUBEQ(61 NOUT 3

2 ,LRID(b) ,LRPOEQ(6),LRNOGO(6),LRSUB(6) ,LRSUPR(6),LRFLOW(6) NOUT4
COMMONfNCHARS/NNEQ ,NAEQ ,NXOOEQ(2) ,NDVIc-Q(2) ,NXSEQ (2) NCHARS z

I ,NTSOEDt2),NXAEQ(2) ,NCYDEQ(2),NSLEQ(2) ,NDEEQ(2) ,NYSEQ(2) NCHARS 3

10 2 ,NDVOEQ(2) ,NRUEQ(2) ,NUBEQ(2) ,NID(2) ,NMAGHQ(2) ,NALPH4A(21 NCHARS 4
3 ,NYIUE0(2) ,NYILEQ(2) ,NPOEQ(2) ,F4TI ,FMTF NCHARS 5
COMMON/NPRCO/ NCUPS1(6),NCUPS2(6),NCAFU2(6),NCAFL2(6),NCAFU3161 NPRCD 2
I ,NCOWNI(6) ,NCOWN?(6D ,NPUPSI(EI ,NPU-S2(6) ,NPAFUI(6) ,NPAFU2(6) NPRCa 3
2 ,NPAFU3(6) ,NPAFLI(61 ,NPAFL2(61 ,NPDWN1(6) ,NPOWN2(61 ,NUPS(6I NPRCO 4

153 ,NAFI(6) ,NAF2(6) NPRCO 5
COMMON C ,CK( RS ,rM ,ALPHA COMMON 2
COMMONfBCOM/ XO ,DVDO L 3COM z
COMMON/ECOM/ASTAG(?6),XSTAG(11),1'STAG(11),XAF(50),YAF(50,2) ECOM 2
COMMONfAINPUT/AIN(?.) ,NNI(7) ,HI(6) AINPUr 2

20 COMMON/PTARFL/XX('.O,21 ,YY(4.0,2) ,AM(40,21 ,CA ,SA PTAPRFL 2
DIMENSION XINF(2),YINF(2),XSTG(11),YSTG(11),XLOW4ER(50),YLOWER(50), UPS? 1

1XUPPER(501 ,YUPPERf50) UPS? 15

DIMENSION NXYUPR(6),NXYLWR(6),NXYSTG(6),NYOINF(6),NNNALL(6) UPS? 16
DATA NXYUPR,NXYLWR,NXYSTG,NYOINF,NNNALL/6*50,50 ,5-52, 50,5*53, UPS? 17

25 1 50,S505,50,510/ UPS? 18
CALL IOSTGNA UPS? 19
CALL ASCAL~i) UPS? 20
CALL DLETE-(NNNALL) UPS? 21
CALL ERASE(LROOEO) UPS? 22

30 C UPS? 23
C ERASE TEXT ENTITIES PREVIOJSLY DISPLAYED BY THIS PROGRAM UPS? 24

CALL ERASE(LRYSEO) UPS? 25
YSPYSO =-AlN(?11-AIN42?1 UPS? 26
DE =AIN(20) UPS? 27

35 YLWR = AMIN1(Y.AF(5O,?) ,YSPYSO) UPS? 28
C UPS? 29

C DETERMINE THE SCALING FACTORS FOR THE SCR<EEN DISPLAY UPS? 30
AMULTX = 114.fHXAFC50) -XSTAG(1l)) UPS? 31
AMULTY = tOO./(-YLWR) UPS? 3?

4.0 AMULT =A'IULT)C UPS? 33
IF(AMULTX.GT.AMULTY) AMULT = AMULTY UPS? 34

DE= AIN(?0) UPS? 35

C UPS? 36

C DETERMINE DATA POINTS FOR THE FIRST 3 PE-R CENT OF THE UPPER AND UPS? 3?
45 C LOWER SURFACES OF THE AIRFOIL UPS? 38

DO 10 I19,50 UPS? 39

YUPPER(I) = -40.+(YAF(l,1)-YLWR)*A'lULT UPS? .00
IFC(YUPPE R (1)GT.57.) GO TO 15 UPS? 41
XUPPER(I) =-57.+(XAF(I) +OE)*AHULT UPS? *

50 10 CONTINUE UPS? 43
I=51 UPS? 44

15 CALL PLYLN(NXYUPR,1,XUPPER(,YUPPER,1-2) UPS? 45
DO 20 I=1,50 UPS? 46

XLOWE-R(I) =-5?.4(XAF(I) +0E)FAMULT UPS? 47
55 YLOWER(I) =-40.4(YAF(I.2)-YLWR)*AMULT UPS? 48

20 CONTINUE -UPS? 49
CALL 

0
LYLN(ý4XYLHR, 1, XLOr;-ER, YLOWE-R,L49) UPS? 50

C UPS? 51
C DISPLAY THE OUTPUT VAUIA3LES YS AND DVOOc UPS? 5?

60 CALL E-NSHFT(NYSEO0,3,AIN(2?),FMP*T) UPS? 5
CALL MOOFY(L-ZYSEQ, 1,2,NYStLC4 UPS? 54.
CALL jrNDF(LRYSE0, 0) UPS? 55
CALL ENSHFT(N9VOEG,8, ASTAG (43 ,FMTc) UPS? 56
CALL MOOFYLýR3C7Q,1,2,N9VOEo3 UPS? 57

65 CALL 3ENDF(Lý')CEGQ,O) UPS? 58
C UPS? 59

C OTERINE7 S4APIT ~ TAGNATION ST.-EAMLINET UPS? 60
00 25 I=1,11 UPS? 61
XEýTG(I) = -,;7.+(XSTAG,(I)+9)E)*AM1JLT UPS? 62
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TO YSTG(I) =-40.+(YSTAG(I)-YLWR)OAMULr UPS2 63
25 CONTINUE UPS2 64.

CALL PLYLN(NXYSTG , , XSTG,YSTG, 100 UPS2 65

XINF(13 -57. UPS2 6

XINF(21 XSTG(il) UPS2 6?

?sTINFfl) = iO.,IYSPYSOYTLWR)*AMULT UPS2 6S

YINF(2) = VTNF(l) UPS2 69

CALL PLYLN(NYOTNF,1,XINF,YINF,i) UPS2 ro

C UPS2 ? I

C DISPLAY AIRFOIL NOSE AND STAGNATION STREAMILINE UPS2 72

so CALL GENDF(4NNALL,0) UPS2 ?I

C UPS2 7

C WAIT FOR AN ATTENTION SOURCE UPS2 r5

CALL WAITE-(DUM, 0,DUM, DUM) UPS2 Fo

END UPS2 7?
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OVERLAY(IO,0) AFU1 2
PROGRAM AFUi AFUi 3

C AFUl 4
C THIS PROGRAM OISPLAYS OUTPUT FttOM SUBROUTINE IOUPRCT AFUl 5

5 C AFUl 6
COMMONfICNTRL/J ,ICRIT(2) LL(2) ,IGO(2) ICNTRL 2
COMMON#COMNXY/NXYl(6) ,NXY2(6) COMNXY 2
COMMONVINPUT/ INPUT 2

1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6) ,LRAFL2(6),LRAFU3(6) ,LRXOOQ(6) INPUT 3
10 2 ,LRDIEQ(6) tLRXSEQ(6) ,LRXAUP(61,LRCYOU(6) ,LRXALW(b) ,LROYDL(6) INPUT 4

3 ,LRSLEQ(6) LRMACH(6) LRALFA(FlLRYIU(6) ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA216) ,LRNN3(6) ,LRNN4(6) ,LRNN2(6) ,LRNN6(6) INPUT 6

5 ,NLGRNG(6),NPARAB(6) INPUT r
COMMONfNOUT/ NAIRFL(6) NOUT 2

.15 1 ,LRDEEQ(6),LRYSOQ(6),LRYSEO(6),LROOFQ(6) ,LRRUEQ(6) ,LRUBEQ(6I NOUT 3.
2 ,LRIO(6) ,LRPOEQ(619LRNOGO(6)tLRSUB(6) jLRSUPR(6),LRFLOW(6) NOUT 4

COMMON/NAXESf NALL(6) NAXES 2
i ,NMXB(6) ,NUPB(6) NDUOXB16),NAF39(6) NDWNB(6) ,NKTAB(6) NAXES 3
2 ,NX1B(6) ,NX2B(6) ,NYB(o) ,NM9(6) ,NMOIB(6) ,NM02B(6) NAXES 4

20 3 ,NZUlB(6) ,NOU2B(6) ,NDDQ3(6) ,NPOB(6) ,NPlBt6) ,NPKTAB(6) NAXES 5
COMMON C ,CK ,RS ,FM ,AL-HA COMMON 2
COM!ONfAINPUT/AIN(24) ,NNI(7) ,HI(6) AINPUT 2
COMMONfYUVSAVfNNN(3) ,YUV(156) YUVSAV 2
COMMONfPTARFL/XX(40,2) ,YY(40,2) ,AM(40,2) ,CA ,SA PTARFL 2

25 COMMON/NPRCD! NCUPSI(6),NCUPS2(61,NCAFU2(6) ,NCAFL2(6) 1,NCAFU3(6I NPRCO 2
1 ,NCDWNI(6),NCDWN2(6),NPUPSI(6),NPUPS2(6),NPAFU1(6) ,NPAFU2(6I NPRCD 3
2 ,NPAFU3(6),NPAFLi(S•, NPAFL2(b) ,NPOWN1(6),NPOWN2(6) ,NUPS(oI NPRCO 4
3 ,NAFI(6) ,NAF2(6) NPRCO 5

COMMON/ISSCALI13SCAL ISSCAL 2
30 NXY1(5) = 0 AFU1 1L

NXYI6) = 0 AFUI 19
CALL OLETE(NXY1) AFUl 20
NXYI(6) = 60 AFUl 21
CALL ASCAL(l AFUI 22

35 CALL EWASG(IOSCAL) AFUl 23
CALL £RASG(I3SCAL-1) AFUl 2.
CALL ERAS:(NALL) AFUl 25
CALL ENLB(1,20) AFUl 26
CALL GENDO(NAIRFLO) AFUl 2?

40 CALL GENDP(NUPS,0) AFUI 28
J=l AFUl 29
LL(J) 1 AFUl 30
CALL GENDF(NLGRN5,G) AFUl 31
CALL 5ENOF(LRFLOW,0) AFUl 32

45 CALL GE40F(NMXeO) AFU1 33
CALL IOUPRCT AFUl 34
CALL PLOTTI(J.0,0.06,0.0,1.0) AFU1 35

C AFUI 36
C WAIT FOR AN ATTENTION SOURCE AFUi 3?

50 CALL WAITE(3UN,0,IDOUM) AFU1 38
END AFU1 39
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OVERLAY(il,0) IRP3 2
PROGRAM PRP3 PRP3 3

C PRF3 4
C THIS PROGRAM DISPLATS ITEMS NEEDED FOR PROGRAM AFU2 PRP3 5

5 C PRP3 6
COMMONICOMNXYINXY1(6) ,NXY2(6) COMNXT 2
COMMONIICNTRLIJ ,ICRIT(2) ,LL(2) IGO(2) ICNTRL 2
CO"MON/INPUTf INPUT 2

1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6) LRAFL2(6),LRAFUS(6),LRXOOQ(6) INPUT 3
10 2 ,LRDIEQ(6) 9LRXSEO(6) 9LRXAUP(6) ,LRCYDU(6) ,LRXALW(6) ,LRCYDL(6) INPUT 4

3 ,LRSLEQ(b),LRMACH(6) ,LRALFA(6) ,LRYIU(5) ,LPYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) gLRNN4(b) ,LRNN5(61 ,LRNN6(6) INPUT 6
5 NLGRN,(6),NbARA3(61 INPUT 7

COMMON/NOUT/ NAIRFL(6) NOUT 2
15 1 ,LROEE2(6) ,LRYSOQ(6) LRYSEQ(6) LRDOEO(6) ,LRRUEQ(6) ,LRUBEQ(6) NOUT 3

2 ,LRID(6) ,LRPOEQ(6) ,LRNOGO(6) ,LRSUR(6) .LRSUPRIb) ,LRFLOW(6) NOUT 4
COMMON/NAXESI NALL(61 NAXES 2

1 ,NMXB(6) ,NUP3(6) NDUOXB6(61,NAF33(6) NJWNB(6) ,NKTAB(6) NAXES 3
2 ,NXIB(6) ,NX2B(6) NYBf6) ,NM9(6) NMOIB(6) ,NM023(6) NAXES 4

20 3 ,NDU19(6) ,NOU2B(6) ,NDOQ3(6) ,NP03(6) NPId(b) ,NPKTAB(61 NAXES 5
COMPON/NPRCO/ NCUPSI(6) NCUPS2(6)1 NCAFU2(6) NCAFL2(b) NCAFU3(6) NPRCO 2

I ,NCDWNI(6),NCDWN2(6),NPUPS1(6),NPUPS2(6),NPAFUI(6)fNPAFU2(6) NPRCD 3
2 ,NPAFU3(6),NDAFL1(6),NPAFL2(6),NPDWN1(t),NPOWN2(b),NUPS(6) NPRCO
3 ,NAFi(6) ,NAF2(6) NPRCO 5

25 DIMENSION ID(6) PRP3 13
OIMtENSION LBIO(2) PRP3 14
DATA L31D/4,20/ PRP3 15
CALL BDNFO(ITRNID) PRP3 16
J=l PRF3 I?

30 ICRIT(J) = I1(3) PRP3 13
C PRP3 19
C 'A VALUE OF ICRIT(J)=l IS ALLOWED ýOR THIS VARIA3LE, OTHERWISE THz P&P3 20
C PROGRAM AWAITS ANOTHER ATTENTION SOURCE PRP3 21

IF(ICRIT(J).EQ.2) CALL WAITE(DUMOCUMOUM) PRP3 22
35 CALL ASCAL(l) PRP3 23

CALL ERASE(NALL) PRP3 2,#
CALL ENLBt2,L9I9) PRP3 25
CALL GENDF(NAIRFL, ) PRP3 26
CALL GENDF(NCAFU2sO) PRP3 2?

40 CALL GENDF(NUPS,0) PRP3 28
CALL GENDF(LRAFU2?O) PRP3 23
CALL GENDF(NJUDX3,O) PRP3 30
CALL WAIT7(DUMO,ODUM, UM) PRP3 31
END PRP3 32
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OVERLAY(12,01 AFU2 2
PROGRAM AFU2 AFU2 3

C AFU2 4
C THIS SUBROUTINE DISPLAYS OUTPUT FROM SJBROUTINE IOUPRIN AFU2 5

5CON'ONfOUTCONf OUTCOM 2
i X1(160) 9Y1(160) iY2(160) ,NNI ,NN2 OUTCON 3
CONMqONIICNTRLIJ I1CRIT(2) ,LL(2) IGO(2) ICNTRL 2
CONNON/NOUT/ NAIRFL(6) NOUT 2

1 ,LRDEEQ(6),LRYSOQ(6),LRYSEQ(6),LRDOEQ(61,LKRUEQ(6)tLRUBEQ4(6) NOUT i
10 2 ,LRID46) ,LRPOEQ(6,),LRNODOI6)pLRSUB(6) ,LRSUPR(6) ,LRFLOW(6) NOUT4

COMNONfNCHARSINNEC ,NAEQ ,NXOOEQ(21,NOVIE'.12),NXSE.Q(2) NCMARS 2
£ ,NYSOEII(21,NXAEQ(2) ,NCY02EQ(21,NSLEQ(2) ,NOEEO7(2) ,NYSE:1(2) NCHARS 3
2 ,NOVOEQ(2),NRUEQ(2) NU3Eý(21 ,NIO(2 ,NMAL;Ho()2,NAL.PHA(2) NCHARS
3 vNWIUEQ(2),NYILEQ(2) ,NPOl(2) ,FMTI ,FMTF NCHARS 5

.15 CO"MPINfNPRCO/ NCUPSI(6) ,NCU0S2(6t ,NCAFU2(6) ,NCAFL2(6) ,NCAFU3(6) NPRCO 2
1 ,NCOWNI(6) ,NCOWN?(61 ,NPUPSI(6) ,NPUDS2(6),-NPAFU1(6) ,NPAFU2(6) NPRCE3 3
2 ,NPAFU3(6) ,NPAFLI(b) ,NPAPL2(6) ,NPOWNI(6) ,NPJWN2(6) ,NUPS(6) NPRCO 4
3 ,NAFI(6) ,NAF2(5) NPRCO 5
COMMON C ,CK 'RS ,FM ALOHA COMMON 2

20 COMIIONfAINPUTfAIN(24) ,NNI(7) ,HI(6) AINPUT 2
COMI4ON/YUVSAVINNN(3) ,YUV(156) YUWSAV 2
COMMON/PrARFL/XX(40,2) ,YY(40,21 ,AM(40,?) Z~A ,SA PTARFL 2
COMMON/ RBUt3CM/R BUR UBINIT ,IRBUR &i3UaCM 2
COMMON/ISSCAL/IDSCAL ISSCAL 2

25 CALL ASCAL~l) AFU2 It
CALL ERASG(IISCAL) AFU2 Is
CALL ERASG(IOSCAL-11 AFU2 19

C AFU2 20
C ERASE TEXT ENTITIES PREVIOUJSLY DISPLAYED BY THIS DROGRAM AFU2 21

30 CALL ERASE(LRNOGO) AFU2 22
CALL ERZASE(LRRUE-Q2 AFU2 23
CALL ERASE(LRID) AFU2 24
CALL ERASE-(LRUBEQl AFU2 2
IICRIT =ICRIT(J) AFU2 26

35 CALL IOUPR~IN(IICRIT) AFU2 27
C 'JEPENDIN3 ON THE VALUE OF NN2, DISPLAY TEXT ENTITIES RELATING THE AFU2 25
C STATUS OF THE INTEGRATION PROCESS AFU2 29

IF(NN2.NrE.1) CALL GENDF(LRNOGO,O) AFU2 30
IF(NN2.EQ.1) CALL GENOF(NPAPU3,O) AFU2 31

40 C AFU2 32
C DISPLAY THE CUTPUT VALUES OF R3UB ANJ U9 AFU2 33

CALL ENSHFT(NRUEO7,5,RPUB,FMTF) AFU2 34
CALL M1ODFY(LRRUEQ, 1,2,NRUEO) AFU2 35
CALL GENDF(LRRUEQ,0) AFU2 36

45 IF(1R3UB.EO.01 GO TO 4 AFU2 37
IF(IR3UB.EQ.2) CALL GENDF(LiUO,O) AFU2 $a
GD TO 6 AFU2 39

4 CALL E-NSHFT(NUb6EO, 3,U:3INIT,F.9TF) AFU2 40
CALL MO0FY(LRUBEO,1,2,NU3EQ) AFU2 41

50 CALL GENOF(LRUBEO,0) AFU2 42
6 CONTINUE AFU2 43

0O 10 I=1,NN1 AFU2 44
19 Y1(I) = Y2(I) AFU2 4

CALL PLOTT(9.0,0.t14,3.0,20. 0) AFU2 46
55 C AFU2 47

C v4AIT FOR AN ATTENTION SOURCE AFU2 48
CALL WAIT7-iJUM, 0,DU4,OUM) AFU2 1
END AFU2 50
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OVERLAY(I13,0 AFLI 2
PROGRAM AFLI AFLI I

CONMON/ICNTRLfJ ,ICRIT(2) ,LL(2) ,IGO(2) ICNTRL 2

CONMON/COMNXYINXY1(6) ,NXY2(6) COMNXY 2

5 COAMMON/INPUTI INPUT 2

1 LRUPS(6) ,LRSIG(61 ,LRAFU2(6) ,LRAFL2(b) ,LRAFU3(6) tLRXOOQ(6) INPUT 3
2 ,LROTIE(6),LRXSEQ(6),LRXAUP(6ILRCYOU(6),LRXALW(6),LRCYOL(6) INPUT 4

3 ,LRSLEQ(6) LRMACH(6) PLRALFA(6 ,LRYIU(6) ,LRYIIL(6) ,LRSTRT(6) INPUT 5

4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN4(6)I LRNNS(6) ,LRNNb(6) INPUT 6

10 5 ,NLGRNG(6),NPARA9(6) INPUT r
COPMON/NOUTf NAIRFL(6) NOUT 2

I ,LROEEQ(6) LRYSOQ(6) LRYSEQ(6) ,LROOEQ(6) pL KRU E(L(661 LRUBEQ(6) NOUT 3
2 ,LRID(6) ,LRPOEQ(6) ,LRNO'O(6) LRSUB(6) ,LRSUPR(6) ,LRFLOW(6) NOUT 4

COMMONfNAXESf NALL (6) NAXES 2

15 1 ,NMXB(6) NUPB(6) ,NDUOXB(6),NAF3B(b) ,NOWNB(6) ,NKTAB(6) NAXES 3
2 ,NXIB(6) NX26(6) .NYB(6) ,NMB(6) ,NMO1(6) ,NMO2B(6) NAXES 4

3 ,NDUIB(6) N3Uý8(6) .NODQS(6) ,NPOB(6) ,NP19(6b) NPKTAB(6) NAXES 5

COIMONfNPRCJf NCUPSI(6) ,NCUPS2(6) ,NCAFU2(6) ,NCAFL2(6) ,NCAFU3(6) NPRCO 2

1 ,NCDWNI(6 ,NCDNN2(6 ,NPUPSi(6) ,NPUPS2(6),NPAFUI(b) ,NPAFJ2(6) NPRCO 3

20 2 ,NPAFU3(6) ,NPAFLI(6) ,NPAFL2(6),NPOWNI(6) ,NPDWN2(b) ,NUPS(6) NPRCD 4

3 ,NAFI(6) NAF2(6) NPRCO 5

COMMON C CK Is FM ,ALPHA COMMON 2
COMMONfAINPUT#AIN(2,) 9NNI(?) ,HI(6) AINPUT 2
COMMONfYUVSAVINNN(3) YTUV(156) YUVSAV 2

25 COMMONfPTARFL/XX(40,2) ,YY(40,2) ,AM(40,2) ,CA ,SA PTARFL 2
COMMONfISSCAL I ISC AL ISSCAL 2
NXY1(5) = 0 AFLI 15
NXYI(6) = 0 AFLI 16
CALL OLETE(NXY1l AFL1 17

30 NXYI(6) = 60 AFLI Is

CALL ASCAL(1) AFLI 19
CALL ERASG(IOSCALI AFLI 20
CALL ERASG(IDSCAL-i) AFLI 21
CALL ERASE(NALLI AFLI 22

35 CALL ENLB(1,20) AFLI 23

CALL GENOP(NAIRFL,O) AFLi 24

CALL 3fNOF(NUPS,0) AFLI 25

J=2 AFLI 26
LL(J) = I AFLI 27

40 CALL CENDF(NLKRNGO) AFLI 28
CALL GENDF(LRFLOWO) AFLI 29
CALL GENDF(NMXO) AFLI 30
CALL IOLWiCT AFLI 31
CALL PLOTTI(0.0,0.06,0.0,1.00) AFL1 32

45 C AFLI 33

C WAIT FOR AN ATTENTION SOURCE AFLI 34

CALL WAITz(OUN,0 ,O,9UM) AFLI 35

ENO AFLI 36
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OVERLATI14,lO PRP' 2
PROGRAM PRP4 PRP4 3

C PRP4 4.
C THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PROGRAM AFL2 PRP4 5

5 C PRP4 6
COMMON/COMNXYINXYI(6) ,NXY2(6) COMNXY 2
COMHON/ICNTRL/J ,ICRIT(2) ,LL(2) ,IGO(2) ICNTRL 2
COMMON/INPUT/ INPUT 2
± LRUPS(6) ,LRSTG16) ,LRAFU2(6) LRAFL2(6) ,LRAFU3(6) LRXOOQ(6) INPUT 3

is 2 ,LRDIEQ(6)tLRXSEQ(6) LRXAUP(0),LRCYOU(6),LRXALW(6),LRCYOL(6) INPUT
3 tLRSLEQ(6),LRMACH(6),LRALFA(6),LRYIU(6I ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA2(6) tLRNN3(6) ,LRNN4(6) ,LRNNS(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(6),NPARAI(6) INPUT ?

CONHON/NOUTI NAIRFL(6) NOUT 2

"15 1 ,LROEEQ(6) ,LRYSOQ(6)LRLTSEQ(6loLROOEQI6) ,LiREQ(6) ,LRUBEQ(6) NOUT 3
2 ,LRID(6) ,LRPOEQ(6),LRNOGO(6JtLRSU8(6) ,LRSUPR(b),LRFLOW(6) NOUT 4

COMMON/NAXESI NALLES) NAXES 2
i ,NMXB(6) ,NUPB(6) ,NOUOXB(6),NAF3B(6) ,NDWNB(6) NKTAB(6) NAXES 3
2 ,NXIB(6) ,NX2B(6) ,NYB(6) ,NMB(6) NMO1B(6) NM028(6) NAXES

20 3 ,NOU19(6) ,NOU2B(6) ,NDD•t3(6) ,NPOB(6) ,NPIB(6) NPKTAB(6) NAXES 5
CON"ONINPRCDI NCUPSI(6),NCU-S2(6INCAFU2(6),NCAFL2(6),NCAFU3(6I NPRCD 2

1 ,NCOWNI(6),NCOWN2(61,NPUPSI(6),NPU-S2(6),NPAFUI(6),NPAFU2(6I NPRCO 3
2 ,NPAFU3(6),NPAFLI(6),NPAFL2(6),NPOWNI(6),NPOWN2(b),NUPS(o) NPRCO 4
3 ,NAFi(6) ,NAF2(6) NPRCO 5

25 DIMENSION ID(6) PRP4 13
DIMENSION L3IO(2) PRP4 j1
DATA L31/5,20/ PRP' 15
CALL BPNFO(ITRNIO) PRP4 16
J=2 PRP' 1?

30 ICRIT(J) = 10(3) PRP4 I8
C PRP4 19
C *A VALUE OF ICRIT(J)=2 IS ALLOWED FOR THIS VARIAtLE, OTHLRWISE THE PRP4 20
C PROGRAM AWAITS ANOTHER ATTENTION SOURCE PRP4 21

IF(ICRITCJ).EQ.1) CALL WAITEfOUMODUMDUM) PRP4 22
35 CALL ASCALfl) PRP4 23

CALL ERASE(NALLI PRP4 24
CALL ENLB(2,LBIO) PRP4 25
CALL GENDF(NAIRFLO) PRP4 26
CALL GENDF(NCAFL2,O) PRP. 2?

40 CALL GENOF(NUPS,0) PRP4 28
CALL GENOF(LRAFL2,O) PRP4 29
CALL GENOF(NMXPO) PRP4 3o
CALL WAITr(DUM,0,OUMOUM) PRP4 31
END PRP4 32
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OVERLAY(415,01 AFL2 2
PROGRAM AFL2 AFL2 3

C AFL2
C THIS PROGRAM1 DISPLAYS OUTPUT FROM SUqROUTINE IOLWRIN AFL25

5 C AFL2 b
COMMONIOUTCOM/ OUTCOM 2

1 Xl( 1601 ,Y I( 101 Y12(160) ,NNi ONN2 OU1'COM 3
CO94MONfICNTRLI.J ,ICRIT(2) ,LL(2) ,IGDJ(2) ICNTRL 2
CD9Q1ONFNDUTf NAIRFI(6) NOUT 2

10 1 ,LRDEEQ(6),LRYSOQ(6),LRYSEQ(6),LROOLQ(61,L,(UE2b),LRUBErQ(6I NOUT
2 ,LRID(b) ,LRPOEQ(6) ,LRNO;iO(6),oLRSUB(6) , L<S UP R(b) LRFLOW(6) NOUT4
CCMY!ONINPRCDf NCUPSI(6),oNCUOS2(b),NCAFU2(b),NCAFL2(b),PNCAFUJ(6) NPRCD

1 ,NCOWN1(61,NCOWN2(6),NPUPS1(61,NPUPS2(6),NPAFUI(6lNPAFU2(6) NPRCtJ 3
2 ,NPAFU3(6) ,NPAFLI(6) ,NPAFL24SE ,NPDWNI(6),NPJWN2(6) ,NUPS(61 NPRCD 4

15 3 ,NAPý1(6) ,NAF2(61 NPRCUJ 5
COIPMON/NCHARS/NNEQ ,NAEQ ,NXOOEQ(2),N)VIE1(2)tNXSEý(2) NCHARS 2
1 ,NYSOEQ)(2) ,NXAEQ(2) ,NCYDEQ(21 ,NSLEQ(2) ,NDE-O(2) INYSLI(2) NCHARS 3
2 tND3VOEQ(2I ,NRUEQ(2) ,NUBEQ(2) ,NIO(2) ,NMACHQ2(2) ,NALPHA(2) NCHARS 4
3 ,NYIUEV(2),NYILEC(?),NPOEl(2) ,F4TI ,FMTF NCHA,ýS 5

20 COMMON C ,CK 'RS ,FM ,ALPHA COMMON 2
COMMONIAINPUTfAIN(2.) ,NNI(7) ,HI(6,) AINPUT 2
COMMON/YUVSAVfNNN(3) ,YUV(C15b) YUVSAV 2
COMMONIPTARFL/xx(t.0,2) ,YY(40,2) ,AM(40,2) ,CA ,SA PTARFL 2
COMMONIRBUB3CM/RBUB ,JBINIT IRq3UB R.UBCM 2

25 COMMON/COMPRS/XPD(16%,?),'P(160,2),NP(2) ComiPs 2
CDMtADN/ISSCAL/IDSCAL ISSCAL 2
CALL ASCALCI) AFL2 19
CALL ERASG(IOSCALI AFL2 20
CALL ERAS&-(IDSCAL-l) AFL2 21

30 CALL CRASE(LRNOrO) AFL 2 22
C AFL2 23
C ERASE TEXT ENTITIES PREVIOUSLY DISPLAYED 6Y THIS PROGPAM AFL2 24

CALL ERASE(LRRUEQ) AFL2 25
CALL ERAS:C(LRID) AFL2 26

35 CALL ERASE(LRUREO) AFLZ 2?
CALL ERAS E(LRPOEQ) AFL2 28
IIC~iTý ICRITfJ) AFL2 29
L r LL(J) AFL2 3
CALL IOLW;'IN( IICR1T,L) AFL2 31

40 IF(NN?.N7E.!) CALL GEN0F(LRNDO',0, AFL2 32
C AFL2 31
C OISPLAY THE OUTPUT VALUES OF R~3UB AND U9 AFL2 34

CALL ENSHFT(N.?UEO, 5,R9UB,FMTF) AFL2 35
CALL M1O0FYCL-RRUEC,1,2,NRUF0) AFL2 3b

1#5 CALL GENDFILRRUEQ,O) AFL2 3?
IF(IR3U3.EtD.O) fQ TO 4 AFL2 38
IF(liýBU03.EO.2) CALL SENOF(LRID,g) AFL2 39
GO TO 6 AFL2 40

4 ^-ALL E-NSHRPT(CNUbýQ,3,JAINIT ,FMTF) AFL2 41
rGo CALL MOOFY(LRUPEOQ,1,2,NU3EQ) AFL2 %2

CALL S3ENiP(L..UBED,O) AFL2 43
6 CONTINUE AFL2 44

IF (NN2. EQ. 3) SO TO 3 AFL2 45
NN =NO(J) AFL2 46

55 C AFL2 4?
C l7P7N51NS ON THE- VALUE OF NN2, D~ISPLAY THE OJTPUT VALUE- OF PO AFL2 48

CALL EýNSHFT(N2OED-,3,DP(NN,J) ,FMTF) AFL2 49
CALL M30FY(L~YOEQ, 1,? ,NP7DE0) AFL2 50
CALL ',-NOR(LRPOFO,0) AFL2 51

60 C AFL2 52
*D~EDI O TEVALUE 3FNADIOJ ISPLAY ASTERISKS AFL2 5

C INOICATING THE NEXT PROSRAM ST-70 AFL2 7
Ir7(NN?.EO.liIGO0(J)=1 AFL2 55
IF (týN2.L).I2 CALL GFNFIZ (NPAFJE,0) AFL2 56

65I(G()E..AsIO2.31 CALL GENOF(NPOWN1,C) AFL2 5?
9 CALL P'LOTT(O.O,1.0,0.0,1.0) AFL2 58

C AFL2 59
C WdAIT FO-ý AN ATTENTION SOURCE AFL2 60

CALL WAITE-(0Um, '3,OUM,0UM) AFL2 61
70 EN 1 AFL2 o
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OVERLAY(1601) PRP5 2
PROGRAM PRP5 PRP5 3

C PRP5 4.
C THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PROGRAM AFU3 PRP5 5

5 C PRP5 6
COMMONfCOMNXYfNXYl(6) ,NXY2(6) COINXY 2
COqMON/ICNTRLIJ ,ICRIT(2) ,LL(2) ,IGO(2) ICNTRL 2
COMMON/INPUTI INPUT 2
1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6),LRAFL2(6) ,LRAFU3(6) PLRXOOQ(6I INPUT 3

10 2 ,LRDIEQ(6) LRXSEQ(6) ,LRXAUP(6) LPCYDU(6) ,LRXALW(6) #LRCVDL(6) INPUT 4
3 ,LRSLEQ(6),LRMACH(B),LRALFA(6),LRYIU(6) ,LKYIL(6) ,LRSTRT(61 INPUT 5
4 ,LRNNi(6) LLRNA2(6) ,LRNN346) ,LRNN4(61 ,LRNN5(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(6) ,NPARA9(61 INPUT ?

COMPON/NOUTl NAIRFL(6) NOUT 2
15 1 ,LRDEEQ(6),LRYSOQ(61,LRYSEO(61,LRDOEU(6) ,LRRUEQ(6) ,LRUBEQ(6) NOUT 3

2 ,LRID(6) ,LRPOEQ(6) ,LRNOGO(6),LRSUB(b) oLRSUPR(6) tLRFLOW(6) NOUT 4
COMMON/NAXESf NALLK6) NAXES 2

1 ,NMXB(6) ,NUPB(6) ,NDUDX3(6INAF3B(b) ,NDWNB(6) ,NKTAB(6) NAXES 3
2 ,NXif(6) ,NX2B(6) ,NYB(61 ,NMB4(6) ,NMOIB(6) ,NMOB(6) NAXES 4

20 3 ,N0U13(6) fNJU2B(6) NODQ3(6) ,NP03(6) ,NPIB(6) ,NPKTAB(6) NAXES 5
COMIONfNPRCO/ NCUPS1(6) ,NCUPS2(6),NCArU2(6) ,NCAFL2(6) ,NCAFU3(6) NPRCD 2

I ,NCDWNI(6),NCDWN2(6),NPUPSI(6) ,N;UPS2(6),NPAFUI(6),NPAFU2(6) NPRCO 3
2 ,NPAFU3(5),NPAFLI(6),NPAFL2(6),NPDWNI(6),NPDWN2(b),NUPS(6) NPRCD 4
3 ,NAFi(6) ,NAF2(6) NPRCO 5

25 DIMENSION LSIOD2) PRP5 13
DATA L3IDI6,20/ PRP5 14
J = I PRP5 15
IGO(J) = 3 PRP, 16
CALL ASCAL(1) PRP5 1?

30 CALL ERASE(NALL) PRP5 is
CALL ENLa(2,L3I3) PRP5 19
CALL GENDO(NAIRFL,0) PRP5 20
CALL GENOP(NCAFU3,O) PRP5 21
CALL GENDF(NPAFU2,O) PRP5 22

35 CALL GENOF(NUPS,0) PRP5 23
CALL GENDF(LRAFU3,0) PRP5 24
CALL GENDF(NMXBO) PRP5 25
CALL WAIT:(DUM,,OgUM,0OUM) PRP5 26
END PRP5 2?
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OVFRLAY (17,01 AFU3 2
PROGRAM AFU3 AFU3 3

C AFUJ
C THIS PROGRAM OISPLAYS OUTPJT FROM SUBROUTINE IOSPCT2 AFUS

SC AFU3 b
COMMONI0UTC3P4f OUTCOM 2

1 XI( 160) 1,Y 1(169) ,Y2(150) ,NNI ,NN2 OuICOM 3
CO MMONt I CNTRLfJ ,ICRIT (2) ,LL(2) ,I GO(2) ICNTRL 2
COMMONfNOUTf NAIRFL(6) NOUT 2

10 1 ,LROEQ(blLRYSO)(61 vL RSE ( 6),tLROU (6)), ILRRUEQ(b) 9L RUBEE(61 NOuT i
2 ,LRIO(6) tLRPOEQ(6) ,LRNOGO(6) PL RSUB(6) ,LRSUPR(6) ,LRFLOW(b) NOUT 4
COMMONfNPRCO/ NCUPSI(6) ,NCUPS2(b) ,NCAFU2(61 ,NCAFL2(6) ,NCAFU3I6I NPkCO 2

1 ,NCDUNI(o),NCOWN2(6),NPUPSI(E),NPUPS2(6),NPAFUI(b),NPAFJ2(6) NPRCO 3
2 ,NPAFU3(6) N-AFLI(6) 4PAFL2(6) NP'OWNI(6),NPtJWN2(6),NUPS(61 NPRCO 4

15 3 ,NAFI(6) ,NAF2(6) NPRCO 5
COMMON/NCHARSfNNEO ,NAEQ ,NXODEG(2),VNJVIEcý(2),NXSEQ(2) NCHARS 2

1 ,NYSOE)(2),NXAEQ(2) ,NCYOEQ(2),NSLEQ(2) ,NOEEQ(2) ,NYSU~(2) NCHAt4S 3
2 ,NDVOEI(21 ,NRUEQ(2) ,NUBEý(2) ,NTO(2) ,NMAýHQ(2) ,NALPHA(2) NCHARS 4*

3 ,NYIUEQ(2),NYILEQ(2),NPOEO7(2) ,FMTI IFM1'F NCHARS 5
20 COMMON C , CK is ,FM ,ALPHA COMMON 2

COMMON/AINPUTIAIN(2.) ,NNI(7) HtI(6) AINPUT 2
COMMON/YUVSAV/NNN(3) ,YUV(156) IUVSAV 2
COMMONfPrARFL/XX(40,2) YVY(40,2) ,AM(40,21 OCA ,SA PTARFL 2
COMMDNICO'lPRf~SXP(160,?lPP(160,2) ,NP(?) COMPtRS 2

25 COMMON/ IS SCALI IOSCAL ISSCAL 2
COMMONfCO1!SP~fARMOQ(1)01 AFU3 18
CALL ASCAL(1l AFU3 193
CALL ERASS(IOSCAL) AF~U3 20
CALL ERASS(IDSCAL-1) AFU3 21

30 CALL c.RASýILiNOGO) AFU3 22
CALL ERAS-(LiPOEO) AFU3 23
L =LLCJ) AF*U3 24
CALL IOSPCT2(J,L) AFU3 25

C AFU3 26
35 C OEPENOIN5- ON TL VALUE OF NN2 AND I,O(J) , DISPLAY ýSTE~lSKS AFU3 2?

C INDICATING THiE NEXT P'SOCRAM ST- AFU3 28
IF(NN?.NE.1) CALL GS7N0F(LRNO~rT,O)) AFU3 29
IF(NN2.FO.1) IGO(JI I AFU3 30
IF(NN2.EO.ll CALL GENOR(NPARl-l,0) AFU3 31

4.0 IF(IGO)(1).LQ.1.ANO.IGO(2).ED.-1) CALL GE-NJF(NýDWN1,O) AFU3 32
IF(NN2.tQ.0l G0 TO 9 AFU3 33
NN =NP(J) AFU3 34.
CALL ENSHFT(NPCEO, 3,PPCNN,J) ,FMTF3 AFUSi 35
CALL XiOOFY(LRPOEQ, 1,2,NPOEOI AFU3 36

4.5 CALL GTENOF(LRPOEQ,0) AFU3 3?
8 lo 10 I=1,160 AFU3 38
ii Y1(l) =AýMO(I) AFU3 39

CALL PLOTT1CO. 0,1. 0, 0 .0 ,1 .0 AFU3 40
CAFU3 41

50 C WAIT FOP AN ATTENTION SOURPEE AFU3 '62
CALL WAIT EtOUM, O,9UM,3J') AFU3 4.3
ENO AFU3 4
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OVERLAY(20,Gl PRP6 2
PROGRAM PRP6 PRP6 3

c PRP64
C THIS PROGRAM4 DISPLAYS ITEMS NEEDED FOR PROGRAM OWNI PRP6 5.

5 C PRP6 6
COMMON/ICNTqL/J OICR(ITC2) ,LL(2) 150O(2) ICNTRL 2
COMMqON/OUTCONf JUICOM 2

1 XI(160) ,Y1(1601 Y72(160) 9NNI ,NN2 OUTCOM 3
CONNON/INPUTf INPUT 2

10 1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6) ,LRAFL2(6) ,L'RAFU3(6) ,LRXOOQ(6) INPUT 1
2 ,LROIEQt6),LRXSEQ(6),LRXAUP(6),LRCYDU(6ILRlXALW(6),LRCYDL(6) INPUT 4
3 ,LRSLEQ(6),LRMACHlb),LRALFA(6),LRYIU(6) ,LRYIL(6) ,LRSTRT(6) INPUT 5
4. ,LRNNilb) OLRNA2(6) ,LRNN3(6) ,LRNN4(6) ,LRNNS(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(6),NPARAB(6) INPUT 7

15 CONIIONINOUTI NAIRFL(6) NOUT 2
1 ,LRDEEa(6) ,LRYSOa(6) ,LRYSEQ(6) ,LIRDOEQ(6P ,LRUE,1(6) ,LRUBEQ(6) NOUT 3
2 ,LRID(6) ,LRPOEQ(6,vLRN0GO(6),LR~SUB(6) ,LRSUPR(61,LRFLOW(61 NOUT 4
COM"NINNAXES/ NALL16) NAN(ES 2
1 ,NMXB(6) ,NUPB(6) ,NOUOXB(6),NAF3B(b)INOWNB(6) ,NKTAB(6) NAXES 3

20 2 ,NXIB(6) ,NX2B(6) ,NYB(6) NMB(6) ,NMOIB(6) ,NP1028(6) NAXES 4.
3 ,NOU1IB6) ,NIU29(6) ,NODQ3(6) ,NPOB3(b) ,N;it3(6) ONPK(TAB(6) NAXES 5
COMMONINPRCOf NCUPSI(6D ,NCUPS2(6) ,NCAFU2(6) ,NCAFL2(6) ,NCAFU3(6) NPRCO 2

1 ,NC3WNI(6) ,tJCDWN2(6) ,NPUPSI(6) ,NPUPS2(6) ,NPAFU1(6) ,NPAFU2(b) NPRCD 3
2 ,NPAFU3(6) ,NOAFLI(o) ,NPAFL2(,) ,NPDWNI(6) ,NPOWN2(6) ,NUPS(6I NPRCG 4

25 3 ,NAFI(b) ,NAF2(6) NPRCO 5
DIMENSION LBID(2) PRP6 13
DATA LBID/7,20/ PRP6 14
CALL ASCAL~i) PRP6 15
CALL ERASE(NALL) PRP6 16

30 CALL. IzNLB(2,LS3t]) PRP6 IT
CALL GENOP(NAIRFL,0) PRP6 18
CALL GENDF(NC'JWN1,0) PRP6 19
CALL SENDF(NPAFU3,01- PRP6 20
CALL GENOF(N'2AFL2,0) PRP6 21

35 CALL GEN0F(LRNN6,0) PRP6 22
CALL GENDP(NOWN3,O) PRP6 23
CALL WAITECO0UM, 0,DU4,0UM) PRP6 24
;-No PRP6 25
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OVERLAY42i,01 OWN1 2
PROGRAM OWNI DWNI 3

-OWNI4

C THIS PROGRAM UISPLAYS OUTPUT FROM SUBROUTINE IOUNSTM OWN1 5
5 C OWNI 6

COI4MON/ICNTRLfJ ,IC~tIT(2) ,LL(2) ,IGO(2) ICNTRL 2
COMMON/OUTCOMf OUICOM 2

1 XI1(60) ,YI(1601 ,Y2(160) ONNI ONN2 OUTCOM 3
COMI4ONNOUT/ NAIRFL(6) NOUT 2

1o I LRDEEcQ(6),LRYSOQ(6) ,LRYSEQ(6) ,LROOEQ(6) ,Li(RUEQ(b) ,LRUBEQ(6I "out 3
2 ,LRID(6) vLRPOEia(6),LRNOGO(6)vLRSUB(b) ,LRSUPR(6),LRFLOW(6) NOUT4
CQ94MONfN0,(CO, NCUPS2(6),NCUPS2(6hNCAFU2(6),NCAFL2(6),NCAFUS(6) NPRCD 2
1 ,NC:)WN1(6) ,NCDWN2C6) ,NPUPS1(6) ,NPUPS2(b) ,NPAFUI(6) ,NPAFU2I6) NPACO 3
2 ,NPAU3(6)tNPALI(6) NPAFL2(6),NPDWNI(6),NPDWN2(6),NUPS(6) NPRCO4

15 3 ,NACI(b) ,NAF2(6) NPRCD 5
CO4MON C CKRS ,FM ,ALPHA COMMON 2
COM9IONIAINPUT/AINt?'.) ,NNI(7) ,HI(6) AINPUT 2
COMMONIYUVSAVINNN(3) ,TUV(156) YUVSAhI 2
COMMON/PTARFL/XX('.O,21 YY(40,2) ,AM(4.0,2) ,CA ,SA PTAiAFL 2

20 COMMON/ISSCAL~IISCAL ISSCAL 2
CALL ASCALII) OWNi 16
CALL ERASGtIOSCAL) OWNi I?
CALL ERASGiIOSCAL-1) OWNI. 18
CALL EqASE(LRNOGO) OWNI 1

25 CALL IODNSIM(J) OWNi 20
IF(NN2.NE.11 CALL GENDF(LRNOGO,D) OWNi 21
IF(NN2.EQ.11 CALL GENOF(NPOWN2,O) OWNI 22
CALL PLOTT2(U.0,10.0,0.8,i.0,0.8,1.0,2) DWNI 23

C OWNI 2
30 C 14AIT FOR AN ATTENTION SOURCE OWNNI2

CALL WAITz-(DUM ,O,OUM,OUM) aWNI 26
END OWN1 2?
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OVERLAYI22,01 OWN2 2
PROGRAM OWN? OWN2 3

c OWN? 4
C THIS PROGRAM OISPLAYS OUTPUT FROM SUBROUTINE A9(UTIA DWN2 5.

s C DWNZ 6
COMMON/COMNXYINXY±(6) ,NXY2(6) COMNXV 2
COM"ON/INPUTf INPUT 2
1 LRUPS(6) ,LRSTG(6) ,LRAFU2(6)tLRAFL2(6) ,LRAFU3(b) ,LRXOOQ(bI INPUT 3
2 iLROIEQ(6) LRXSE,1(6)gLRXAUP(6),PLRCYOUtb) oLRXALW(6),pLRCYOLI6I INPUT 4

to 3 ,LRSLEQ(6),LRMACH(6),LRALFA(6),LRYIU(6) ,LRYIL(61 ,LRSTRT(61 INPUT 5
4 ,LRNNi(6) ,LRNA2(6) ,LRNNJ(6) ,LRNN4.(6) ,LRNN5(6) ,LRNN616) INPUT 6
5 ,NLGRNG(6)fNPARA9(6) INPUT ?
COMMON/NOUT/ NAIRFL(6) NOUT 2

£ ,LRDEEQ(6,LRYSOO(61,LRYSEQ(6),LROOEQ(61,LRRUEý(6),LRUSEQ(6) NOUT 3
1§2 ,LRIO6) ,LIPOEQ(61,LRNOGO(6) ,LRSUB(61 ,LRSUPR(b) ,LRFLOW(6) NOUT4

COMHON/NAXES/ NALL(6) NAXES 2
I ,NMXB(6) ,NUPB(6) ,NDUDX136) ,NAF386) ,NOWN8(6) ,NKTAB(6) NAXES 3
2 ,NXIBI6) ,NX28(6) ,NYP(o) ,NMB(6) ,NM4OIBb) ,NMOB(61 NAXES 4
3 ,NOUiB(6) NOU28(6) 00008A(61 NP09(6) ,N-19(6) ,NPK(TAB(6) NAXES 5

20 COMMONfNPRCO/ NCUPSI(6) ,NCUPS2(6) ,NCAFU2(6b,NCAFL2(63 ,NCAFU3 163 NPRCO 2
1 ,NCOWNI(G),NCOWN2(6),NPUPSI(6),NPUPS2(6lNPAFUI(6),NPAFU2(6) NPRCD 3
2 ,NPAFUS(G) ,NPAFLI(6) ,NPAFL2(61 ,NPOWNI(6) ,NPOWN2(6) ,NUPS(6) NPRCD
3 ,NAFi(6) ,NAF2(6) NPRCD 5
COMNCIRIP102,P102,P2 COMPRS 2

25 CO9MMON/ISSCAL/IISCAL ISSCAL 2
CALL ASCALti) OWN? 1'.
CALL ERASG(IOSCAL) DWN2 15
CALL ERASG(IOSCAL-11 OWN? 16
CALL ERASr-(NALL) DWN? I?

30 CALL ENL13(1,20) OWN2 18
CALL :;ENDF(NAIRFL,0 *JWN2 19
CALL GENOF(NCDWN2,0) 6WN? 20
CALL GENOFVJAF1,0) OWN2 21
CALL GENOF(NKTAB,D) OwN? 22

35 CALL A'<UTTA OuiN2 23
PMAX =PP (i,il OWN? 24

PMN= PP(1,l) OWN? 25
XMAY = 1.0 OWN? 26

X4N=Xp(l,1) OW N2 27
4.0 IFokP(1,2).LT.XMIN) X14IN XP(1,2) OWN? 28

00 20 J=1,2 OWN2 29
NN =NP(J) DWN2 30
00 10 I=1,NN 3WN? 3 1
IF(PP(I,J) -PMAX) 6,5,4. OWN? 32

4.5 4 DMX PP(I,J) OWN2 33
GO TO 10 OWN? 3'.

6a IF(Fp(I,J)-PMIN)5,i0,io JWN? 35
3 PmIN = PO(I,J) OWN? 36

10 CONTINUE OWN2 37
50 20 CONTINUE W N?2 38

IF(PMIN.GT.0.0) PMIN =0.0 OWN? 39
CALL 4REA 1(XMIN,XMAX, PMIN,PMAX) OWN? .0
NGRAF 0 DWN? 4.1
NXYI(5) = 0 OWN? 4.2

55 CALL OLETzINXYI) OWN2 43
'00 '.0 J=1,2 OW N?2 44
NN =NP(J) OWN? 4.5
IP(NN.GE.60) NGRAF=1 OWN? .6
IF(NN.GL.12D) NSP.AF=2 OWN? 4.7

60 I--(NGRAF.EQ.0) GO TO 36 OWN? #.8
NXYI(6) =J OWN? 4.9
DO 30 I=1,NGRAF 3WN? 50
NXYI(5) = I OWN? 51

3U CALL PLL(XliX(0NRF- JP6*GA-9j,60)) :WN? 5?
65 36 NXY1(b) =J OWN? 53

NXY1(5) =63 IWN2 54.
CALL PLYLN(NXY1,1,XP(1+60*NGPAF,J),PP(1+63#NGRAF,J), OWN? 55

1 NP( J) -60fNGRAF-j) DWN? 56
4C CONTINUE OWN? 57
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TONXVI (5) =0 DWN2 58

NXV116) =0 DWN2 5

CALL GENDF(NXYiOl aWN2 60.

C DWN2 61

C WAIT FOR AN ATTENTION SOURCE O3WN2 62

75 CALL WAITE(OUM,O,flUM,O~UM) OWN2 63

END DWN2 64.
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OVERLAT(23,0) CVLI 2
PROGRAM CVLI CVLI 3
CO4MON/INPUTf INFUT 2.

1 LRUPS(6) ,LRSTG(6) ,LRAFIJ2(r) LRAFL2(6) ,LRAFU3(6) LRXOOQ(6) INPUT 5
5 2 LRDIEQ(6) ,LRXSEQ(6) ,LRXAUP(61 ,LRCYOU(6) ,LRXALW(61 ,LRCYDL(6) INPUT 4

3 ,LRSLE2(6)vLRMACH(r3)pLRALFA(6),LRIIU(6ý ,LRYIL(6) ,LRSTRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN4(6) ,LRNN5(6) LiLNN6(6) INPUT 6
5 ,NLGRNG(6) ,NPARA3(6) INPUT r

COMMONINCHARSINNEO ,NAEQ ,NXOOEQ(2) ,NOVIEQ(21 ,NXSE3(2) NCHARS 2
10 1 ,NYSOEQ(2),NXAEQ(2) ,NCYOEQ(2),NSLEQ(2) NOEEc(2) ,NYSEQ(Z) NCHARS 3

2 ,NDVOEQ(2)tNRUEQ(2) ,NU4-E:(2) ,NIO(2) #NMACHa(2) ,NALPHA(21 NCHARS 4

3 9NYIUEl(2),NYILEQ(2) qNPOE1(2) ,FMTI ,FNTF NCHARS 5
COMtON/AINPUT/AINf2') ,NNI(?) ,HI(6) AINPUT 2
DIMENSION DUM(6),ID(6) CVLI 7

15 C GVLI 8
C RETRIEVE ATTENTION INFORMATION FROM THE TEXT ENTITY IN A SIX INTCGEi• CVLI 9
C ARRAY ID Cvgl t0

CALL BPNFO(ITRNID) CVLI 1t
C CVLI 12

20 C ERASE THE TEXT ENTITY CVLI Is
CALL ERASE(ID) CVLI 14

C CVLI 15
C REPLACE THE TEXT ENTITY WITH A CORRESPDNDING LIGHT REGISTER CVLI to

CALL ENLR(1,IO) CVLI IT
25 C CVLI I8

C DISPLAY THE NUMBERS BEING TYPED INTO THE LIGHT REGISTER FROM THE CVLI 19
C KEYBOARD CVLI 20

CALL K3NPT(IOIVAL) CVLI 21
CALL ASCAL(I) CVLI 22

30 C CVLI 23
C ERASE THE LIGHT REGISTER CVLI 24

CALL ENLR(0,ID) CVLI 25
I01 = I1(1)-20 CVLI 26

C CVLI 27
35 C PUT THE NEW VALUE INTO THE CORRESPONDING TEXT ENTITY CVLI 28

GO TO (10,20,30,40,50,60),ID1 CVLI 29
10 NNI(i) = IVAL CVLI 30

CALL ENSHFT(NNEQ,3,NNI(i),FMTI) CVLI 31
CALL 90O0Y(ID,I,INNEO) CVLI 32

40 GO TO 200 CVLI 33
20 NNI(2) = IVAL CVLI 34

CALL ENSHFT(NAE:,!,NNI(2),FMTI) CVLI 35
CALL MOOFY(IOIINAEQ) CVLI 36
GO TO 200 CVLI 3I

45 30 NNI(3) = IVAL CVLI 38
CALL ENSHFT(NNEQ,3,NNI(3),FMTI) CVLI 39
CALL MOOFY(IJl,•,NNEf) CVLI I0
GO TO 200 CVLI I1

40 NNI4)d IVAL CVLI 42
50 CALL ENSHFT(NNEQ,3,NNII(4),FMTI) CVLI 43

CALL MOOFY(I,1,1,NNEQ) CVLI I
GO TO 200 CVLI 45

50 NNI(5) = IVAL CVLI 46
CALL LNSHFT(NNEý,3,NNI(5),F4TI) CVLI 47

55 CALL MODFY(IDI,1,NNEQ) CVLI 48
GO TO 200 CVLI 49

60 NNI(6) = IVAL CVLI 50
CALL ENSHFT(NNEQ,3,NNI(6),FmTI) CVLI 51
CALL MODFY(I)!tINNEO) CVLI 52

60 C CVLI 53
C OISOLAY THIS TEXT ENTITY WHICH HAS 9EEN CHANGED CVLI 54

23.3 CALL GENOCAID,O) CVLI 55
CVLI 56

C WAIT FOR AN ATTENTION SOURCE CVLI 57
65 CALL WAITE(3UM•,,DUMDUM) CVLI 58

END CVLI 59
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OVERLA~T124,0) CVLR
PROGRAM CVLR CVLR 3
COMNIDT INPUT 2.

1 LRUPSM (6 LRSTG(6) ,LRAFU2 (6) ,LRAFL2(b) ,LRAFU3(b ,LRXOOQ(6) INPUT 3
52 ,LRDIEQ(6),iLRXSEQ(6) ,LRXAUP(6) ,LRCYDU(6) ,Li(XALW(6) ,LRCYDL(6) INPUT 4

3 ,LRSLEQ2(61,LRMACH(6),LRAL~rA(6),LRYIU(6) ,LRVIL(6) ,Lt~STRT(6) INPUT 5
4 ,LRNNI(6) ,LRNA2(6) ,LRNN3(6) ,LRNN4(6) ,LRNNS(6) ,LRNN6t6) INPUT 6
5 ,NLGRNG(6),NPARAl~(6) INPUT 7
COM4ONfNCHARS/NNEQ ,NAEO ,NXOOEQ(2) ,NDVIE'2(2) ,NXSEQ(2) NCHARS 2

to I ,NYSOEQ(21,NXAEQ(2) ,NCYDEQc2),NSLEQ2) ,NDEEQ(2) NYSE3(2) NCHARS 3
2 ,NOVOEQ(21,NRUEQ(2) ,NUSEt2E2) ,NID(2) ,NMACHQ(2),NALPHA(2) NCHARS 4
3 ,NYIUEQ(21 ,NYILEQ(2),NPOEQ(2) ,FMTI ,FMTF NCHARS 5
COMMON/AINPUTfAIN(24) ,NNI(?) ,HI(6) AINPUT 2
COM4MON C ,CK ,RS ,FM ,ALPHA COMN90N 2

15 0INENSION DUM(6),IO(6) ý;VLiR 5
C CVLR 9
C RLTRIEVE ATTENTION INFORMATION FROM THc' TEXT ENTITY IN A SIX INTEGER~ CVLR I0
C ARRAY ID CVLR 11

CALL 9PNFO(ITRN,ID) CVLR 12
20 C CVLR 13

C ERASE THE TEXT ENTITY CVLR 14
CALL ERASEC(ID) CVLR 15

C CVLR 16
C REPLACE THE TEXT ENTITY WITH A COREcSPONDING LISHT REGISTER CVLR I?

25 CALL ENLRO1,IlD CVLR Is
c CVLR 13
C OISPLAY THE NUMBERS 3aEING TYPE) INTO THE LIG-IT REGISTE'q FROM THE CVLR 29
C KEYBOARD CVLtR 21

CALL KBNPTCID,VAL) CVLR 22
30 C CVLR 23

C EERASE THE LIGHT REGIITER CVLR 24
CALL ENLRUO,ID) CVLR 25
CALL 4SCAL~l) CVLR 26
ID01 10(l) CVLR 27

35 C CVLR 28
C PUT THE NEW VALUE INTO THE CORRESPONDING TEXT ENTITY CVLR 23

GO TO (10,20,30,40,50,60,70,5o,90,l00,110,120,130,140),I01 CVLR so
10 AIN(S) = VAL CVLIR 31

CALL ENSHPT(NXOOLO,4,AIN(5) ,FMTF) CVLR 32
40 CALL MODF'Y(IO,1,2,NXOOEQ) CVLR 533

GO TO 200 CVLR 34
20 AIN(l) =VAL CVLR 35

CALL ENSHFT(NOVIEO,3,AIN(1) ,FMTF) CVLR 36
CALL M3OFY(IO, 1,2,NOVIEO) CVLR 37

45 GO TO 200 CVLtR 38
30 AIN(2) =VAL CVLR 39

CALL ENSHFT(NXScEQ,3,AIN)2),F4TF) CVLR '.0
CALL M0OFOIO, 1, 2,NXSEI)l~ CVLR #I1
GO TO 200 CVLR 42

5049 AIN(3)z VAL CVLR 41
CALL ENS cT(NXAO,3,AIN(3) ,F'ITr) CVLR '.4
CALL MODFY(IO, 1,2,NXAE-_) CVLR -45
GO TO 200 CVLR 46

59 AIN(,) zVAL CVLR 4
55CALL E-NSHP"T(NCY3EQrr,4,ATN(14),FMTF) CVLR +8

CALL MOOFYtlr),1,2,NCYOEO) C;VLR 43
GO T0 200 ZGVLR 50

60 AIN(5) =VAL ClVLR 51
CALL ENSHFT(NXAEQ,3,AIN(5),PMTF) CVLR 52

60 CALL MODFY(ID,1,2,NXAE:Q) CVLtR 53
GO TO 200 C'VLeR 54

?3 AIN(6) = VAL CVLR 55
CALL ENShRI (NCY3EG ,4, AIN(6) ,F'ITF) CVLR 5
CALL M3OFY(IO,1,2,NCY9OQ) CVLR 57

65 GO TO 200 OVLR 58
5J3 AIN(7) = AL CVLR 59

CALL ENSHFT (NLEQ, 12, AN( 7) ,FMTF) CVLIR Do
CALL MOOFYCIO, 1, 2,NSLEO;) Z.VLR 61

310 GO TO 201 CVLR 62
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?a L00 GO TO 200 CVLR 63
110 F14 =WAL CVLR 6.

CALL ENSHFT(NM4ACHQ,qoFM,FMTF) CVLR 65
CALL MOOFT(IO,1,2,NMACHQ) CVLR 6
GO TO 200 CVLR 67

75 t20 ALPHA =VAL CVLR 66
CALL ENSHFT(NALPHA,6,ALPHIA,FITF) CVLR 69
CALL MOOFy(IO,1,2,NALPHA) CVLR r0
GO TO 200 CVLR ?I

130 AIN111)= VAL CVLR 72
so CALL ENSHFT(NYIUEQ,10,AIN(1i),FMTF) CWLR 75

CALL lIODFY(IO,1,2,NYIUEO) CVLR 74.
GO TO 200 CVLR 75

14.0 AIN(12) =VAL CWLiR 76
CALL ENSHFi'CNYILcEQ,10,AIN(12) ,FI4TF) ^.VLR 77

85 CALL PIOOFY(IO,1,2,NYILEQ) C;VLit 78
C CVLR 7
C DISPLAY THIS TEXT ENTITY WHICH HAS 3EEN CHANSE.O L;4LR au

200 CALL GENOF(I0,C) CVLR 51
c CVLR d2

90 C WAIT FOR~ AN ATTENTION SOUR~CE CVLIR 33
CALL WAITE(DUM,0,Ou'1,0uP) CWL-t 8.
END k;VLR 85
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OVERLAY(25,01 CHGV 2
PROGRAM CIGV CHGV 3
COMION/ICNTRL/J ,ICRIT(2) LL(2) ,IGO(2) ICNTRL z
COMMON/ INPUTf INPUT 2

5 LRUPS (6) ILRSTG(6) , L RAF7U2( 6) LRAFL2(b) LRAFU3(E5) LRXOtO2(6) INPUT 3
2 *LOE()9RS)6 RAP6 LCO~)L<AW6 LOIL6 INPUT 1
3 LRLý6,:ýAq ~LAP()LYU5 ,LRYIL(b) ,LRSTT(61 INzUT -
4 , LRNN 1(6) ,L-0A2(E LRN43(r) ,LRNN4(b) l-RNN5(S) ,LRNN6(6) INPUT 6
5 , NL GR.N "(:,),NDARA3(6) INPUTI

to LL(J) =LL.(J) + I CHGV 5
IF(LL(J).EO.2) CALL £-RASýI(NL,IRNrfq 0) CC
IF(LL(J).EU.S) CALL ýASE(NDARArO )
IF(LL(J).7-.21 CALL 3NDF(NPARA-1,O 0)ZH
CALL WAITE(cOUM, A,OU9,r)UM) rHG I

15 ENC CHGV
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OVERLAY(26,01 STOP 2
PROGRAM STOP STOP 3
CONHON#NC3Nf ICON NCON 2-
COMNON/INPUTf INPUT 2

5 1 LRUPS(6) PLRSTG(6) ,LPAFU2(6) tLRAFL2(6)tLIAFU3(6) ,LRXOOQ(61 INPUT 3
2 ,LRDIEQ(6),LRXSEQ(6) LRXAUP(6) LRCYDU(6),LlXALW(6) ,LRCTDL(6I INPUT 4
3 ,LRSLEQ(6)oLRMACH(6),LRALFA(6),LRYIU(6) gLRYIL(t) ,LRSTRT(6) INPUT 5
4 ,LRNNi(6) ,LRNA2(6) ,LRNN3(6) ,LRNNi*(6) ,LRNN5(6) ,LRNN6(6) INPUT 6
5 ,NLGRNG(b),NPARA9(6) INPUT 7

10 COMMON/NOUT/ NAIRFL(61 NOUT 2
1 ,LROEEI(6),LRYSOQ(61,LRYSEQ(61,LROOEQ(6) ,L-RUEQ(6)PLRUBEQ(6) NOUT 3
2 ,LRIO(6) PLRPOEQ(6),LRNOGO(6),LRSUB(6) ,LRSUPR(6) ,LRFLOW(6) NOUT 4

COMMON/NPRCOI NCUPSi(6),NCUPS2I6),NCAFU2(6),NUAFL2(6) ,4CAFU3(6), NPRCO 2
I ,NCDWNI(6),Nf-DWN2(6),NPUPSI(6)PNPUPS2(6),NPAFUI(6),NPAFU2(6) NPRCD 3

15 2 ,NPAFU3(6) NPAFLI(6) NPAýL2(6) tNPDWNI(61 ,NPDWN2(6) ,NUPS(6) NPRCO 4
3 ,NAFI(6) ,NAF2(6) NPRCD 5

CO'*ON/NAXES/ NALL(61 NAXES 2
1 N•NXB(r) ,NUP1(6) ,NOUDXB(6),NAF36(61 ,NDWNa(6) ,NKTAB(6) NAXES 3
2 ,NXIB(6) ,NX2B(6) ,NYd(6) ,NM8(6) ,NMOtd(6) ,NMO2B(6) NAXES' 4

20 3 ,NOUIB(6) ,NOU?2(o) ,N•ODQJ(6) ,NPOB(6) ,N-13(6) ,NPKTAB(6) NAXES 5
C STOP 3

C ERASE THE SCREEN DISPLAYS STOP 10
CALL ASCAL(C) STOP 11
CALL ENLB(0,t) STOP 12

25 CALL ERASG(l) STOP 13
CALL EtASG(2) STOP I,#
CALL LRASE(NALLI STOP 15

C STOP 16
C CLOSE THE OATA FILE STOP I?

30 CALL CLOSF STOP 1i
C STOP 19
C RELEASE THL CONSOLE STOP 20

CALL RLCON(ICON) STOP 21
END STOP 22
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SUBROUTINE PLOTt(X.1MINXiMA~,YiMINY1MfAXI 
PLOl'! 2

C THIS SUBROUTINE DISPLAYS TWO DISJOINTED CURVES COVERING THE PLO?! I

C GRAPHICAL DISPLAY AREA PLOT? 5

5CPLOT!
5C COMMONfOUTCQNlf OUtCOM 2

I. )((160) ,yi(160) ,Y2(160) ,NNI MNN2 OUTCOM S

CON#ION/CO4qNXYINXT1(6) ,NXV2(6) COMNNE 2

COM14ONIAINPUTIAIN(2'.) ,NNIt7?) ,HI(6) AINPUT 2

iiC 
PLOt! 10

C IF THERE IS ONLY ONE POINT TO 3E PLOTTED, FORGET IT AND PLOT FOUR PLOT! 11.

C POINTS ON THE SCREEN TO FORM A LARGE X COVERING THE SCREEN PLO?? 12

IF(NNI.GT.i1 GO TO 5 PLOtT ii

NNi = .
PLOT! 1

15 xim = XiI~iN 
PLO!! 1s

X1(2) = XIMAX 
PLOT! 16

X1(3) =X1IMIN 
PLOT! I?

X14 IMAX 
PLO!! to6

Yl(1) = 1P4IN 
PLOT! t9

20 Y1(2) = IMAX 
PLOT! 26

Y1(3) =TIMAX 
PLOT! 21

Y1(4) = YIIN 
PLOT! 22

XMIN XIMIN 
PLOTT 23

YMIN YIMIN 
PLOT! 2'.

25 XMAX = KMAX 
PLOT! 25

yMAX YIMAX 
PLOT! 26

NXYl(5) =0 
PLOTT 2?

CALL OLETE(NXYI) 
PLOTT 26

NXYi(5) =60 
PLOT! 2

30 CALL AREAI(XMINtXMAX, YMIN ,YMAX) 
PLOT? 30

CALL PLYLN(NXYl,1,XI(i)pYlC1),
3
' PLOTT 31

CALL GEND'7(NXY1,0I 
PLOT! 32

RE TURN 
PLOT! 33

CPLOT! F.

35 C FIND THE4t LArIGEST ANC SMALLEST VALUES OF Yl PLOT! 35

5 CALL AMXMNI(YMAX,YMIN) 
PLOT! 36

NXYI(5) =0 
PLOT! if

CALL DLETE(NXYll 
PLOTT 36

XMIN = X1(1) 
PLOT! 39

40a XP4AX = XI(NNI) 
PLOT! 4.6

IF(XIMIN.LT.XNIN) XMIN=X1MIN PLOT! .61

IF(XIMAX.GT.XMiAX) XMAX = X14AX PLOT? 42

IF(Y1MIN.LT.YMIN) YPIIN = VIMIN PLOT! '.3

IF(Y1NAX.GT.YMAX) YPIAX =YlMAX PLOT! 4

4.5 CPLOT! 
4.5

C FIND THE NUMBER OF POINTS IN THE FIRST AND SECOND CURVES PLOT! '.6

NNN1 = NNI(T)-i 
PLOT! 4.7

NNN? =NNI-'JNI(?) 
PLO!! 4.6

IF(NNI(7).EQ.0) NNNI=NNI PLOT! 4.9

so IF(NNI(?).EQ.0) NNN20 
SPLOTT 50

C 
PLOT! 71

C CREATE THE POLTLINE ENTITY FOR THE FIRST CURVE PLOT! 52

NGRAFI = 
PLO!! 53

IF(NNNI.GT.bQ) NGRAFI I PLOT! 5'.

55 IF(NNNI.GT.120) NGRAFI 2 PLOT! 55

IF(NGRAFI.EQ.0) Go TO 30 PLOT? 56

D0 20 I=i,NGRAFI 
PLOT! s7

NYY1(5) I 
PLOT! 56

20 CALL PLYLN(NXY1,1,XA(6)0'I-59),Yl(60I-
5 9

),
6 0

1 PLOT! 5

60 30 IF ((NNNi-50'NGRAFl-1) .LE. 0) r30 TO 40 PLOIT 6

NXYI(5) =NGRAFI+l PLOTt 61.

CALL PLYLN(-NXYi9,,xI(1 Os*NGRAFIP,YI(1960fNGRAFI),NNNI-bQNGRAFI-I PLOT! 62

I)PLOTT 63

C 
PLOTT 64.

65 C CREATE THE POLYLINE ENTITY FOR THE SECOND) CU-ýVE PLOT! 65

40 NGRAF?=0 
PLOT? 66

IF(NNN2.GT.60)N'CRAF2 1 PLOT! 6?

IF(NN142.GT.120) NGRAF2 =2 PLOT? 64

NI= NGRAF1#.2 PLOT! 69
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70IF(NGRAF2.EQ.0) GO TO 60 
PLOT? 70.

N2 a Nl*NGRAF2-1 PLOTT ?2.

00 50 12NiN2 PLOT? 72

NX1T5) I PLOTT 74
NNNNi * NNNi+60*(1-N11)-5

8  NN #01PLOT? 7

75 50 CALL PLYLN(NXY1,1,X1(NNNNi)#YI(NNI)
6  PLOT? 76

60 IF((NNN2-6O0NGRAF2-1)ýLE.O) GO TO TO70TT r
NXrl(5) s NIONRA 460*NGRF21 PLOTT ?a

CALL PLLN(NXYiIX1(NNNI1SONGRAF2+2) ,?tCNNNl6N AF*) PLOT? 79
i NNt42-60*NGftAF2-1) PLOTT 80

so C PLOT? at

C CREATE THE GRID DISPLAY PLOTT 62

TO CALL AREAi(XPIIN,XNqAXYMNINYMAX) POT 8
NXY145) = 0 PLOTT 63

CPLOT? 65.

65 C DISPLAY THE TWO POLYLINE ENTITIES 
PO? 6

CALL GENDF(tIXY1,O) 
PLOT? 86

RE TURN 
POT a

EDPLOT? 88
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SUBROUTINE PLOTTI(XIP4INpXlMAX,YlININVIAX) PLOTTi 2

C PLOTti 3

C THIS SUBROUTINE DISPLAYS ONE CURVE IN THE GRAPHIC DISPLAY AREA PLOTTI 4

CO""ON/OUTCOMf OUTCOM 2

i Xip(ib0) ,Ti(1601 ,Y2(160) ,NNI ,NN2 OUTCoP4 3

COM94ON/CO1NXYfNXYI(6) ,NXY2(6) COMNXY 2
PLOTTi I

C IF THERE IS ONLY ONE POINT TO BE PLOTTED, FORGET It AND PL11T FOUR PLOTTI a

C POINTS ON THE SCREEN TO FORM A LARL,E X COVERING THE SC4EEN OLOrrI 9

inIF(NNI.GT.l) GO TO 5 F'LOTFl 10

NN l=4 PLOTTI it

K1(l) = IMIN PLOTTI. 12

X1(2) =XIMAX PLOTTI 13

X1(3) =XlMIN PLOTT1 1'.

15 Xi(4) r XIMAX PLOTTI 15

TrIM = TIPIIN PLOTTI 16

Y1(2) =TiMAX PLOTTI I?

Y1(31 = YiMAX PLOTTI Is

TIC'.) = YMIN PLOTTI. 19

20 C PLOTTI 20

C FIND THE LA.ýGEST AND SM~ALLEST VALUES OF Yl PLOTTI 21

5 CALL AMXMNI(YI4AX,'rMIN) PLOTT1 22

C 'LOTTI 23
C CREATE THE POLYLINE E4TITY FOR NXY1 PLOTTI 24.

25 NGRAF =0 PLOTTi 25

NXYI(5) =0 PLOTTI 26

CALL OLETE(NXY1i PLOTTI 27
XMIN =XI(i) PLOTTi 28
XIIAX = XI(NN11 PLOTTI 29

30 IFo(XMIN.LT.XMIN) X~4IN =XIMIN PLOTTI so

IF(XlMAX.5T.XMAX) X'IAX =XOMAX PLOTTI 31

IF(Y1MIN.LT.YMIN4) YMI1N = IMIN PLOTTI 32

IF(YlMAX.GT.YPIAX) Y'4AX =Y1MAX PLOTT1 33

IF(NNI.GT.601 NGRAF =I PLOTTI 34

35 IF(NNI.GT.120) NGRAF =2 PLOTTi 35

IF(NGRAF.EQ..0) GO TO 30 PLOTTI 36

DO 20 I=1,NGRAF PLOTTi 37

NXYI(5) =I PLOTT1 38

CAL PYL(NXI,,X(6-1-9)~l60*-5),01PLOTTI 39

40 0 CALONTINUE1,150I50,1C0I5,O PLOTTI .00

30 NXY1 (5) =EO PLOTTI 4.1

IF C (NN-60wNGýAF- 1)*L E. 0) GO TO 40 PLOTTI 42

CALL PLL(XIIXt+0N-A7tIi6*4RFN-0NRF1 PLOTTi *1

40 CALL A,ýEA (X'IIN,XMAX, YMIN,Y4AX) PLOTT1 4..

45 NXY1(51 =9 PLOTTI '#

C PLOTTI .6

C OISPLAY THEi POLYLINL --NTITY FOR NXYl PLOTTI 47

CALL cENOF(NXVIOl PLOTTI 48

RE T UR~N PLOTTI 4.9

50 E NO PLOTfI 50
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SUBROUTINE PLOTTZ(XIMIN,XIMAX,Y1MINVINAXY2MINYZNAX,J) PLOTT2 2-
C PLOTT2 3
C THIS SUBROUTINE DISPLAYS TWO CURVES IN THE TWO SUBAREAS OF THE PLOTT2
C GRAPHIC DISPLAY AREA PLOTT2 5

5 C PLOTT2 6
COPMMON/OUTCOMf OUTCON 2
i Xi(i601 ,Yl(16O) ,Y2(1601 ,NNt ,NN2 OUTCON 3
COM?4ON/CO4NXYINXYI(,3) ,NXY2(6) CONNXY 2

c PLOTT2 9
16 C IF THERE IS ON4LY ONE POINT TO dE PLOtTEO, FORGET IT AND PLOT FOUR PLOTT2 10

C POINTS ON THE SCREEN TO FORM A LARGE X COVERING THE SCREEN PLOTT2 11
IF(NNI.GT.1) GO TO 5 PLOTT2 12
NNi1'. PLOTrZ 13
Xl Ci) =X1IMIN PLOTTZ 1'.

15 X1(21 = XIMAX PLOTT2 I5
X1(3) =XiMIN PLOTT2 16
X1(41) = XtMAX PLOTT2 1?
YI (1) = YMIN PLOTT2 to
Yi(2) = YIMAX PLOTT2 19

20 Y1(3) =YIMAX PLOTt2 20
Y1(4) = YIMIN PLOTT2 21
Y2(i) = Y2MIN PLOTT2 22
Y2(2) = Y2WAX PLOTT2 23
Y2(3) = Y2MAX PLOTT2 2'.

25 Y2(4) = Y2MIN PLOTr2 25
C PLOTT2 26
C FIND THE LARGEST AND SMALLEST VALUES OF Y1 PLOYTT 2?

5 CALL AMXMN1(YMAX,YMIN) PLOTT2 20
C PLOTT2 29

30 C 'CREATE THE POLYLINE ENTITY FOR NXYl PLOTT2 30
NGRAF = 0 PLOTT2 31
NXYl(5) =0 PLOTT2 32
CALL DLET=E(NXYl) PLOTT2 33
XMIN = Xl(l) PLOTT2 3'.

35 XMAX =XI(NNI) PLOTT2 35
IF(XIMIN.LT.XMIN) XMIN =XIMIN PLOTrZ 36
IF(XlMAX.GT.XMAX) XMAX XlMAX PLOTT2 37
IF(YIMIN.LT.YIIN) YMIN =YIMIN PLOTT2 38
IF(ViMAX.3T.YMAX) YMAX =TIMAX PLOTT2 39

40 IF(WNIN.GT.b0) NGRAF = PLOTte 4.0
IF(NNI.GT.1201 NGRAF = 2 PLOTT2 4.1
IF(NGRAF.EQ.Q) GO TO 30 PLOTT2 4.2
00 20 I1=1NGRAF PLOTT2 '.3
NXYi(5) = I PLOTT2 44,

45 CALL PLYLN(NXYI,1,XI(60'I-59),YI(60-I-59),60) PLOTT2 4.5
20) CONTINUE PLOTT2 4.6
30 NXYl(5) = 60 PLOTT2 4?7

IF((NNl-60*NGRAF-1).LE.0) GO TO 32 PLOT12 4.6
CALL PLYLN(NXY1i9lX1(1460'NGRAF),Yi(1#60'NGRAF),NNI-60ONGRAF-1) PLOTT2 4.9

50 32 CALL AREA2CXMIN,XMAX,YMIN,YMAX,il PLOTT2 50
NXYI(5) = 0 PLOTT2 51

C PLOTI 52
C 3ISPLAY THE POLYLINE ENTITY FO NXYl PLOTT2 is

CALL GENDF(NXY1,0) PLDTT2 5'.
55 IF(J.Elbi) RETURN PLOTT2 55

CALL AMXMN2(YP4AX,YMIN) PLOTT2 56
NXY2(5) = PLOTT2 57
CALL OLETE-(tXY2) PLOTT2 55
IF(NNI.L=.I) GO TO 50 PLOTT2 59

60 IF(YMIN.LT.YMIN) YMIN = Y2MIN PLOTT2 60
IF(Y2MAX.GT.YMAX) YMAX =Y2MAX PLOTT2 61

C PLOTT2 62
C CREATE THE PCLYLINE ENTITY FOR NXY2 PLOTT2 b3

IF(NGRAF.EO.0) GO TO 50 PLOTTZ 6'.
65 DO 40 I=1,NGRAF PLOTT2 65

NXY215) =I PLOTT2 66
4.0 CALL PLL(X21X(0I-3,26*-9,0 PLOTT2 6?
50 NXY2(5) = lPLOTT2 66

IF((NNl-50wNGRAF-1).LE.0) GO TO 50 PLOTT2 fiq
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70 CALL PLYLN(NXV2,j,XI1(+6O'NGRAF),T2(i+60NtGRAF),NNI160NGRAF-i) PLOrT2 70
60 CALL AREA2(XMIN,XMqAX,YMIN ,YMAX ,? PLOTT2 71

NXY2(5) 0 PLOTT2 12

C RLOTT2 13
C DISPLAY THE POLYLINE ENTITY FOR~ NXY? PLOTT2 IL4

7 5 CALL GENOF'(NXY2,0) PLOTT2 15
RETURN PLOTT2 16
END PLOTT2 17
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SUBROUTINE AlEAilXMINXMAX,14INYMAXl AREAL 2
C AREAL 3
C THIS SUBROUTINE DETERMINES THE GRID DISPLAY FOR A GRAPH COVERING AREAL
C THE ENTIRE GRAPHIC DISPLAY AREA AREAL 5

5 C AREAl 6
COMHONfISSCAL/IOSCAL ISSCAL 2
DIMENSION ALIM(4),USER(4) AREAL aDATA ALIM/-'0.,-40.,57.,57.1 AREAL 9

OX = XMAX-XMIN AREAL tO
10 DO z YMAX-YMIN AREAl 11

USER(l) = XMIN AREAl 12
USER(2) = YTIN AREAL 13
USER(3) = XMAX AREAL 14
USER(4) = YMAX AREAL 15

15 IOSCAL = 2 AREAl 16
CALL SSCAL(IDSCALALIMUSER) AREAL IF
CALL ASCAL(IDSCAL) AREAL 18
CALL GRONM(IDSCAL) AREAL 19
CALL CGRIOiV(2,XMINXMAX, YMINYMAXDXDY, 00,1,196, 6) AREAL 20

20 CALL RTNIO(IDA) AREAL 21
RETURN AREAL 22
END AREAl 23
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SUPROUTINE A4EA2(XMIN,XMAX,YMIN,YMAX,IDi AREA2 2
C AREA? 3
C THIS SUBROUTINE CIEATES THE GRID DISPLAY FOR A GRAPH COVERING A AREA? 1
C SUBAREA OF TH-E ENTIRE SRAPHIC )ISPLAY AREA DrPENOIN,- ON 10 AREA2 5

5 C AREA? 6
COMMON/ISSCALf IDSCAL ISSCAL 2
DIMENSION ALIM('.,2),USER(4,2) AREA2 3
DATA ALIM/-.0. ,-'.0. ,5?.,0. ,-'.0. ,1.,57.,57./ AREA? 3
USER(1,IO) =XMIN AREA? 10

10 USERI2,ID) YMIN AREA? 11
USER(3,ID) XMAX AKEA2 12
USER(4,ID) YMAX AREA? 13
OX =XMiAX-XI4IN AREA2 14
DY YMlAX-Y4IN AREA? 15

15 13)SCAL = ID? ARýEA? 16
CALL SSCAL(IDSCAL,ALIM(1,ID),USERUI,ID)) AREA2 17
CALL ASCAL( TOSCAL) AR(EAZ 13
CALL GRDN4(IOSCALI AREA2 19
CALL CG-RI J1V(2,XMIN,X'iAX,YMIN,YMAX,DX,0Y,0,0,1,1,6,6) AREA? 20

20 CALL RTNI)(ID4) AREA? 21
RETURN AREA? 22
END AREA? 23
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SUBROUTINE AMXMN1(VIMAX,YiMIN) AMXMNI 2
C AMXMNN 3
C THIS SUBROUTINE DETERMINES THE LARGEST AND S4ALLEST VALUES FOR VI ANXMNI 4
C AMXMNI 5

5 COMMON/OUrCOMqI OUTCOI 2
1 X1(1600 ,y1I160) ,Y2(160) ,NNI PNN2 OuTCOpq 3
YIMAX = 11(1) AMXMNI r
YM~N = 1141) AMXMNI S
DO 20 I=2,NNI AMXMNN 9j

to IF(Y1II-T1MAX) 15,15,12 AMXMNM 10
12 TIMAX = Y(I) AMXMNI 11

GO TO 20 ANXMNI 12
15 IF (Y I(I) -Y104IN 118, 20,20 AIxMNNI 1.3
18 YIMIN = 1(I) AMXMNN 1%

.15 20 CONTINUE AMXMN1 15
RETURN AMXMNI 16
END AMXMNN IF
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SUBROUTINE AMXMN?(YMAX,Y~2MIN) AP1X1N2 2

C APIXMN2 3

C THIS SUBROUTINE DETERM1INES THE LARGEST AND SPIALLEST VALUES FOR Y2 AMiXMN2

C 
AMXMN2 5

5 COMMONfOUTCOM/ OUTCOM 2

I XI(160) ,yl(160) 9Y2(150) ,NNI ,N42 OUTCOM 3

Y2MAX =Y2(1) AMXMN2

Y2MIN = 2(1) AMXMN2 8

00 30 1=2,NNI AMXMN2

10IF(Y2(I) -Y2'1AX) 25,25,22 AMXMN2 10

22 Y2MAX = 2(I) AMXMN2 11.

GO TO 30 MN2 1

25 IF(Y2(I) -YZMIN) 28,30,30 AMXMN2 13

25 Y2MIN = 2(I) AXN .

15 30 CONTINUE AMXMN2 15

RETURN AMXMN2 16

END AMXMN? 1?
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